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ABSTRACT 


The present work describes measurements of IR 
background radiance . To provide background radiance 
values for the development of the AN / ЗАВ - 8 (IRSTD) 
system, the radiance of clouds and buildings was 
measured using the AGA Thermovision 780 . ТЬе 
measurement values given in Isotherm Units ( photon 
flux equivalent ) were translated into radiance values 
(W/catar) . The emissivity of the different ob jects 
was also computed Тог the 8-14 иш window assuming 
that their emissivity in the 3-5.6 иш band is close 


to that of a blackbody . The average radiance of 


clouds was found to be 3.302 X r9 4 ics S acu in the 
3-5.6 um window and 3.544 X Тэг W/cm^sr in the 8-14 ym 
window . The corresponding values for buildings were 


3.587 X 107“ W/cm^sr and 4.552 X 10 3 W/cm^sr respectively. 
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1, INTRODUCTION 


An important element in Naval Warfare Defence is 
the development of a surveillance system capable of 
monitoring the appearance and progress of any potential 
threat. The infrared (IR) spectral region shows good 
promise for passive detection systems able to detect a 
variety of targets at different altitudes. Such a system 
is the Infrared Search and Target Designation (IRSTD) 
System (АМ/ 5АН-8) currently in engineering development. 

In support of the development of such a system, it 
is necessary to fully specify and understand the IR 
radiance from the earth - atmosphere scene within а 
given field-of-view (FOV). Detecting a target by its 
radiation requires that not only the target intensity but 
also the spectral and spatial structure of the background 
be fully understood. 

Important inputs to the design of successful 


detection systems are recorded magnitudes and variations 


in the radiance from various scenes. This information 
will help in developing data processing algorithms to 
distinguish radiation signatures of clouds and other 


surfaces from those of the target. 
In the context of this THESIS , data оп cloud and 


background radiance were collected and analyzed Тог the 
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purpose of later development of algorithms that will aid 
the AN/SAR-8 to ignore false targets generated by 
background , atmospheric or non atmospheric, IR radiation. 

These data were collected using the " АСА 780 
Thermovision", a liquid nitrogen cooled thermographic device 
able to detect IR radiation in the Middle IR, called 
hereafter Short Wave - SW (3-5.6 micrometers) , and in the 
Far IR , called hereafter Long Wave - LW (8-14 micrometers). 

The present work consists of eight chapters following 
the introduction . The first chapter describes the 
problem and the expected output of the work. In 
the second chapter a theoretical overview is 
presented , along with data from the literature, of 
clouds and different backgrounds. The third chapter 
describes how the LOWTRAN propagation / radiance code 
was used to give transmittance of the atmosphere under 
the various circumstances of the measurements. The 
fourth chapter lists the capabilities of the AGA 
equipment and the mode of operation used. The fifth 
chapter describes how the AGA was calibrated 
empirically . In the sixth chapter the method which was 
actually used is presented both mathematically and 
analytically . In the seventh chapter measured cloud and 
background signatures are listed, analyzed and presented 


as final results. The last chapter consists of the 


il 


conclusions that the results lead to and suggestions 


for possible improvements and future work in the area. 


The results obtained are not expected to have 
significant quantitative importance ; дие фо the 
wide variety of possible background radiators and 
meteorological conditions , but it is hoped that they 
will provide a starting point for further work on 


the subject. 
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ТТ. BACKGROUND TO PROBLEM 


A. GENERAL 

All objects іп our environment , either cold or hot, 
radiate IR energy detectable by the IRSTD systen. 

The IRSTD , as mentioned before , should be capable of 
determining whether an observed IR source is (1) ап аігріапе/ 
missile , or (2) an unwanted source such as clouds, birds, 

or shore features. 

There are several atmospheric and terrain conditions 
affecting the translation of emitted radiation into 
meaningful signal. Two of the most important factors are the 
atmospheric background and the atmospheric absorption. 

Atmospheric background consists mainly of clouds, rain, 
snow, clear sky etc. Terrestrial background consists of 
land, mountains, hills, cities, buildings etc. 

Here we will deal with cloud and building 
Signatures. The radiance of a selection of such sources was 


measured using the "AGA 780" systen. 


The equipment used is designed to provide’ the 
temperature of an object if its emissivity 15 known 
or vice versa. Ап empirical calibration of the “AGA 
780" along with the application of some simple 
mathematical formulae was needed in order to obtain 


radiance measurements. 
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The second factor mentioned above , the atmospheric 
absorption, has been dealt with by using the LOWTRAN code for 
propagation of IR radiation. Specifically the LOWTRAN 6 
computer program was used to provide attenuation factors 


under different atmospheric conditions. 


В. EFFECTS OF BACKGROUND CLUTTER IN IMAGING 
Background clutter is an important factor 


limiting the performance of thermal imaging equipment . 


Clutter emission from clouds , birds and terrestrial 
objects generates a sensor response which may either 


mask the signal from ü target or appear as a 
false target . 

It is impossible to predict how large spatially 
ог how intense а clutter signal from background would 
be. Background clutter may consist of either emission 
or scattering from small objects (eg. birds) as well 


as from large objects (eg. clouds) [Ref. l] . 


Targets and clutter will be sensed by an 
imaging system as having a small temperature 
difference from the background, AT. This temperature 


difference can be expressed as radiation contrast Ср : 


аз described by Lloyd [Ref. 2]. 


Ч -Ч 
Ср em c MED ( II-1) 
We + и 
W = target radiant emittance ( W/m ) 


Т 
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2 


Wa = background radiant emittance ( W/m ) 
If the total radiant emittance W(T) is 
И(Т) с е т“ (Stefan’s law) (II-2) , then 
9Ч(Т) 3 
ань 7 = 4e T (11-3) 
oT 
or, AW(T) - 4e T? AT (II-4) 
W,- W 
Now св = — — (11-1) 
Wr + Wg 
For WW uN) eT (11-5) 
9Ч(Т) 
and W. = W(T+ AT) = W(T) +----- АТ (11-6) 
É эт 
АМ(Т) 
жаа айл онд (II-7) 
2W(T) * AW(T) 
4 с T? AT 
2 € т“ + 4 с T? AT 
2 AT 
= ------------ ог, 
T + 2 АТ 
2 AT 
Cn = ан » for small АТ. (11-8) 
T 
For typical scenes AT is of order 1°K зо this 
approximation may be justified. 
v. BACKGROUND SUPPRESSION SCHEMES 
A filtering system ( subtraction scheme ) will Бе 
needed to suppress the background signal. This could 
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Бе ап automatic background suppression system that 


will sense the average background signal апа subtract 
1%. 

А problem could arise here when the temperature 
of the target and its background are nearly the 
same ( zero contrast ). This will happen twice each 
day . 

Hudson [Ref. 3] gives a very good example 
showing that last point. A truck is parked іп an 
open field so that an infrared system can view it. 
Observations are made over а period of 24 hours and 
variations are found in the contrast between the 
vehicle and its background . In the afternoon the 
truck has been heated enough by the sun to be 


warmer than the background „giving а positive contrast. 


During the early evening hours the vehicle , because 
of its large thermal capacity , cools more slowly than 
the background and the contrast is even greater ( more 
positive ) . At night the truck cools more rapidly , 
passes the point of equal temperature to the 
background and the contrast passes through zero to 


become negative. As the sun rises again the background 


warms more rapidly than the truck and the contrast 
becomes more negative . Later in the morning the 
heating of the sun will be sufficient to cause a 


period of zero contrast and then a positive one. That 
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shows that " for many targets and background 


combinations , there are two intervals in апу 24-hour 
period during which the target cannot be detected 
because there is insufficient radiation contrast 


between it and its background " . 
There are no good methods of eliminating this 
effect ; the best thing to do would be to wait until 


the period of "washout" passes. 


D. CLUTTER SUPPRESSION SCHEMES 

Assuming that targets and clutter will have 
different temperature from the background and that the 
background suppression is successful , the problem of 


eliminating clutter still remains. 


Several unwanted Signals that will have small АТ 
above the background will be present . These Signals 
can be from birds , clouds , buildings etc. . They 
will all appear as threshhold crossings exactly as a 


target could appear. 

To avoid confusion caused by these signals 
several methods can be used . The use of each one 
will depend on the task that the system will 
perform ( early warning, detection , tracking etc. ) and 
on the kind of clutter expected ( small ог large , 


intense or not ). 
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Опе method could be the use of a rotating 


reticle » in the equipment’s image plane : фо 
achieve space filtering . This method is described by 
Hudson ([Ref. 3] and can be used Тог discrimination 


of small targets against large clutter like clouds in 
seeker or tracker systems. 

Other methods will be dependent mainly on the 
size of the target to be detected. 

For example for a small target we could divide 
the scan electronically into small windows (each one 
being equal in dimension to one Instantaneous  field-of- 
view ) and test if the target appears in more than 
two neighbouring windows. In figure 2.1 signals А and 
B will be classified as targets and signal C will be 
classified as clutter and discarded. This scheme will 
not be effective against small false targets such 
аз birds . 

For large targets (eg. ships) a useful logic 


method could be to check if the target appears in 


three out of four successive windows. In figure 2702 
signals А and B will be classified as targets but 
signal C will be classified as clutter. This system 
may perhaps not detect а small target (however , a 
missile may Бе detected since its booster is heating 
the air surrounding the exhaust газ , and will give 


a large target ). 
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Other possible methods could be software analysis 
of the movement of the targets (eliminating for example 
all signals not showing any movement at the risk of 


discarding ships that will be stationary) , or analysis 


of signature patterns and statistical comparison with 
known Signatures ( although this might be very 
difficult due to the wide variety of clutter 


Signatures ). 


E. CONCLUSION 

What is obvious from the above is that it will 
be useful to know what amount of thermal radiation 
is emitted by different kinds of clutter like clouds, 
buildings etc. . The purpose of this THESIS 15 Со 
provide and analyze thermal radiation values from such 


clutter. 
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ITI. CLOUDS , BACKGROUNDS AND THEIR SIGNIATURES 


A. CLOUDS 


Clouds are one of the main causes of undesirable IR 
radiation . Cloud cover in most of the regions of the world 
is a condition that exists about one half of the time. Figure 
3.1 shows the frequency of overcast skies (curve 1) and 
the total frequency of overcast and partly cloudy skies 
(curve 2) along the 209 Ч Meridian, as a function of 


Latitude (Ref 5]. 
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Fig. 3.1 : Latitude and dependence of frequencies of 
various kinds of weather along the 20° W 
meridian.(1) frequency of overcast skies 
(8-10 on a 10 fold scale for cloudiness) 

(2) frequency of overcast and partly 
cloudy (3-7) skies . Region above curve 2 
characterizes frequency of clear skies. [Ref.5] 
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Clouds may be classified into three major categories 
according to the height at which they occur. 
(i) High level clouds. 
(11) Middle level clouds. 
(iii) Low-level clouds. 
The following table shows those categories, the type of 
clouds in each and typical heights at which they occur. 
Cloud Type of Altitude at which they 


level Clouds occur at Midlatitude. 
(Avg. all seasons) 


Cirrus 


High Cirrocumulus 5 - 13 km 


Cirrostratus 


— — — — — — — — — — — — — — — — — — — — — — — — — — — — — —— — — — — — — — ЫЫ سے سے سے‎ — — — — — —s — — — — Е АР — — 


Middle Altocumulus 2-7 km 
Low Stratocumulus Earth’s surface 
Stratus to 2 km 


— — — — — — — — — — — — — — — — — — — — — cme cc — — — — — — — — — — — — — — — — —s — — 


Figures 3.2 and Sas both from [Ref. 6l] show 
spectral radiance from two types of clouds , Cumulus and 
Cirrus respectively. 

Discussion of the particular behavior of each category 
is beyond the task of this THESIS but in general we can state 
that the clouds perform three things of interest in the 
present context: 

(i) They reflect radiation originating from 


terrestrial objects. 


23 


1500 





Cloud Spectrum 


um!) 


Elevation Angle = 14.59 


' e 1000 
а 


-à 


300 


Spectral Radlance (y W cm 





0 2 ә 10 19 20 
Wavelength (um) 


| 


Figure 3.2 : The spectral radiance of the underside | 
of а dark cumulus cloud . [Ref. 6] | 
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Figure 3.3 : The spectral radiance of sky covered 
with cirrus clouds at several angles 
of elevation. [Ref. 6] 
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(11) They scatter solar radiation strongly , and 
(iii) They emit IR radiation due to their 
own temperature. 

Figure 3.4 (Нет. 10] shows how solar thermal 
radiation components reach the surface of the earth and 
then how they are reemitted back. There we see that of 
the incoming thermal radiation , 3% is absorbed by 
clouds and 20% is reflected by clouds back to space. 
On the other hand emission by clouds is responsible 
for 26% of the outgoing radiation to space. 

1. Reflection of IR Radiation by Clouds 

Clouds reflect IR radiation from terrestrial objects 
Typically the reflectance of a middle layer cloud ranges from 
0.75 to 0.1 in the spectral range 0.2 to 4 um (fig. 
3.5 ) [Ref. 6]. 

The reflectance of a cloud increases with the cloud 
thickness, and with decreasing mean free path of a light ray. 
It also varies with the solar zenith angle (fig. 3.6) 
[Ref. 6]. 

2. Scattering of IR Radiation by Clouds 

The scattering process is the process by which 
particles absorb energy from an incident electromagnetic 
wave , from some direction , and reradiate that energy into 
the total solid angle centered at the particle. Scat- 
tering is a function of particle size, density and 


refractive index and also wavelength of incident light. 
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Clouds. Data are directional reflectance of a middie laver cloud. 





eeevoccce Winter Snow and lce. Data are directional reflectance of dry snow. 
eeeccescecee Summer ]ce. Data are directional reflectance of summer Arctic ice. 


«mee eSoil and Rocks. Data represent the average value of the bidirectional 
reflectance, 0, (459, 0. 0. 0), of gravel. wet clay, dry clay, 


tuff bedrock, and sandy loam. 


— — — Vegetation. Data represent the average value of directional reflectance 
of many types of vegetation (from the ERIM Dats File). 


Figure 3.5 : Spectral diffuse reflectance of Earth- 
atmosphere constituents. [Ref. 6] 
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Figure 3.6 : The variation in reflectance as a 
fun¢tion of cloud thickness parameter 
hL for different solar zenith angles. 
The cloud thickness is h and the 
mean free path of a light ray is 
L . [Ref. 6] 
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Water clouds contain water-droplets and ice-crystals 
with radii from 1 um to about 10 um and concentrations of 
300-10 рег од? Р (for comparison purposes the corresponding 


: -10^um and 10 * = 10° рег са”. 


values for raindrops are 10 
Figure 3.7 [Ref. 11] shows the water droplet size 
distribution as a function of drop radius for various cloud 
cases. The highest clouds are composed of large ice crystals 
of radii greater than 50 um. The lower clouds can be assumed 
to be at above freezing temperatures and therefore 
water  droplet clouds. Figure 3.8 (Нет. 10] shows the 
composition of clouds vs. temperature. 

Under those considerations Mie scattering (particle 
size comparable to wavelength) is dominant assuming that 
incident solar radiation at the clouds has a peak at about 
0.5-1 um and land radiation has a peak at about 10 yum. 
Rayleigh scattering (particle size much less than wavelength) 
is of less importance in connection with water clouds. 

We can say that the solar scattering through 
clouds occurs at wavelengths shorter than 3 иш (Near 
IR). Middle IR is less affected by particle scattering 
and the Far ТВ is barely affected at all. 

Near IR radiation exhibits strong forward 
scattering in clouds, but for ae heavy overcast sky 
multiple scattering reduces this effect. 

Finally , it is clear that the relative positions of 


sun, observer and cloud cover are of importance in 
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Figure 3.7 : Drop size distributions n(r) for various 
cloud  cases.[Ref. 11] | 

A) stratus base 
B) stratus top 
C) stratocumulus base 
D) stratocumulus top 
E) nimbocumulus base 
F) nimbocumulus top 
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determining the amount of IR radiation (due to 
scattering) received through clouds. 
3. Emission of IR Radiation by Clouds 
Like all other bodies, clouds emit IR radiation due 
to their temperatures . Usually the temperature of a 


cloud differs from the surrounding air by not more than 


some tenths of а degree. This difference reaches а 
maximum of one degree for dense cumulus clouds [ Ref. 
10]. Under those considerations the temperature of a 


low cloud is about 10? C below ambient temperature at 
the sea surface. Also it is obvious that a cloud's 
temperature decreases with height. Figure 3.9 [Ref. 10] 
shows the vertical temperature distribution for various 
models of clouds . 

Thick clouds (thickness>100m) ie. many free paths 
in thickness and clouds with content of water droplets (or 
ice crystals) greater than 0.5 R are good blackbodies 
[Ref. 5]. Since their temperature is of the order of 300°K 
they emit mainly in the 8-13 um band. Figure 3.10 [ Ref. 
5] shows the spectral emissivity of cloud layers of 
thickness Az and figure 3.11 [Ref. 5] shows how the 
integral emissivity , transmittance and absorptance varies 
with Az. It is clear from that last figure that for 

Az > 60m quo) , and 


Az » 100m é —=—) l 
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Figure 3.11 : 
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3.108: Spectral emissivity of cloud layers о 
thickness Az . [Ref. 5] 
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. Integral emittance (E), transmittance (T), 
and absorptance (A) curves. [Ref. 5] 
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Figure 3.12 [Ref. 6] shows the zenith sky 
spectral radiance from a cloud. In this figure we note 
two things: 

(a) The large variation of the cloud spectral 
radiance for different ambient air temperature. 

(b) That neglecting the absorption band centered 
at about 10 pm the cloud spectrum approaches very 
closely the blackbody curves of the ambient air 
temperature thus making the latter avery good estimate 


of the cloud’s own temperature. 


B. BACKGROUNDS 

For our purpose we may consider two general categories 
of background (surface backgrounds). 

1. Marine Backgrounds 

The surface of the sea emits its own thermal radiation 

and also reflects incident IR radiation. The major factors 
that determine the amount of IR radiation due to a marine 
background are (l) the surface temperature of the water (2) 
the optical properties of the water (3) the amount of 
agitation of the water (4) the material properties of the 
bottom of the sea [Ref. 6] . 


For our purpose, it has been assumed that marine 


backgrounds won't produce any effect by reflecting IR 
radiation since the reflectance of the water is less than 
0.05 for angles of incidence of 50° or less as can be 
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Figure 3.12 : Zenith sky spectral radiance showing the 


large variation with ambient air 
temperature.  [Ref. 6] 
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seen in figure 3.13 [Ref. 6]. Rough sea may change that. 
For a Beaufort 4 wind roughened sea , for the sun at 
the horizon , the reflectance reaches a maximum of about 
0.20 . But for the sun at an elevation of 30? or more 
the reflectance will be less than 0.05. (Figure 3.14 
[Ref. 6]) 

What remains is the emission of IR radiation by the 
sea. The emissivity of an average rough sea is about 0.8 but 
the amount of IR radiation actually emitted depends on the 
water temperature. This temperature is near 0°C (about 4°C) 
in the arctic regions and 29°C near the equator. 
Currents may produce anomalies of several degrees Celcius 
as warm water flows into cold water or vice versa. 

2. Terrestrial Backgrounds 
Terrestrial objects have a wide variety of emis- 
Sivities and temperatures. Some of them also are not opaque. 
Obviously the radiance of a sun heated object falls 
during the night when heating from the sun is absent. 
Figure 3.15 [Ref. 6] shows the variation in the 10 pum 
radiance of selected backgrounds during a 24 hour time 
period. 
Most terrestrial objects are not blackbodies. This 
can be seen in figure 3.16 taken from [Ref. 6], which 
represents the radiance of a city on a plain (Colorado 


Springs) as viewed from a mountain (Pikes Peak) at a 
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(Average: 2-15 um) 
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Figure 3.13 : Reflectance and emissivity of water ( 2 
to 15 иш average ) versus angle of 
incidence. (Ref. 6] 





Figure 3.14 : Reflection of solar radiation from а! 
flat surface ( 9,70 ) and a surface 
roughened by а beaufort 4 wind (¢,=0.2) 
The lower and upper branches о the 
curve marked ¢.=0.2 represent two 
assumptions regarding the effect of 
multiple reflection. True values are 
expected to lie between the indicated 


limits. (Ref. 6] 
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Figure 3.15 : Diurnal variation in the 10 ца Radiance. 
of selected backgrounds . 
55 : sunset; ENT : end of nautical twilight; 
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distance of about 24 km. On the other hand most of 


the terrestrial objects behave as  graybodies 


e 
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ТУ. LOWTRAN PROPAGATION RADIANCE CODE 


A. MODELS FOR PROPAGATION OF IR RADIATION THROUGH 

THE ATMOSPHERE 

For many applications , and specifically for the 
performance of military systems in imaging , a model 


which will provide accurate transmission and modification 


of IR radiation through an atmospheric path , and also 
the fluctuation in these effects is needed. 
Two such models are available , the High resolution 


model developed Бу the AFCRL and the Low resolution 
model called LOWTRAN. 
The HITRAN High Resolution models such as LASER 


and FASCODE are direct computation models which provide 


very high resolution (ie. single frequency) results. This 
1s necessary to predict atmospheric behavior of laser 
radiation , but not for thermal ( broad _ band ) sources 


such as considered here. 


В. LOWTRAN CODE 
LOWTRAN has been developed as a curve-fitting program 
matching empirical or precomputed attenuation data . This 
empirical data is averaged over some specific spectral 
1 


interval (20 cm ). ‘Аз а consequence of the averaging 


over finite spectral interval, many of the rapid 
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spectral fluctuations of atmospheric transmittance will 
vanish. 

Thus the LOWTRAN code can be considered as a 
fast but not very accurate computer program. 


LOWTRAN6 , the latest version of LOWTRAN, is a program 


designed to calculate transmittance and/or radiance of 
the atmosphere for а specific set of geometrical and 
weather conditions , in the spectral range 0.25 to 28.57 


micrometers ( 350 to 40,000 Маг) ас 20 Баш intervals (ie. 


20 om | spectral resolution). 


C. INPUTS TO LOWTRAN 6 CODE 
To run LOWTRAN 6 one must specify four sets of 


input data ( cards ). 


In Cards 1 & 2 опе of the six available 
atmospheric models or a user defined set of 
meteorological conditions ( model atmosphere ) must be 
specified. 

In Card 3 are specified the different 


geometrical path parameters of the problem. 
In Card 4 finally are specified the spectral 
range over which data are required and the frequency 


increment at which the data are to be printed out . 
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р. INPUT DATA USED 

This model has been used in this study to predict 
sky radiance and correct other radiance values for 
atmospheric effects. 

For Card 1 the Midlatitude Winter model was used. 

For Card 2 the Maritime extinction ( 23Кш 
visibility ) model was used most of the time. 

For Card 4 the wavelength bands were the 3 to 


lj and the 8 to 14 pm ( 1250 


5.6 um ( 3340 to 1780 cm 
to 710 —— ) windows with 20 Заг” spectral intervals. 


Otherwise the rest of the data was dependent on 


the specific conditions of each measurement. 


E. RESULTS OBTAINED 
The program was used in its radiance mode . The 
average transmittance of the atmosphere and the 
radiance of the clear sky were recorded. 
These results appear in the Table 5 of chapter 
eight along with the radiance values provided by the 


program. 
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V. EQUIPMENT 


А. THE AGA THERMOVISION SYSTEM 

"AGA Thermovision” was first introduced in 1965. The 
780 System is a fourth generation development of a system 
which combines real time IR scanning with thermal 
measurement capability. By thermal measurement 15 meant 
measurement of the temperature of an object. Chapter 7 
will analyze how the AGA was used to measure 
radiance. 

The " АСА  Thermovision " 780 owned by the Naval 
Postgraduate School (Electro-Optics Laboratory , Department 
of Physics) consists of a dual scanner : опе 
channel for the 3 - 5.6 mm band (SW) and one for the 
8-14 pm band (LW). It uses a two dimensional object- 
plane scan. Figure 5.1 shows the different components 


of the АСА system. 


B. GENERAL DESCRIPTION OF THE "AGA THERMOVISION" 780 
1. Optics and Scan Mechanism 
In the AGA Thermovision 780 ,the scan is performed by 
two refractive prisms with eight sides. Horizontal scan 
lines are interlaced (with 4:1 interlace) to provide a 
complete frame of 400 lines. A mask at the display of 


the system allows 280 lines of the 400 to be viewed. 
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AGA Thermovision® 





SW BLACK/WHITE 
MONITOR CHASSIS 


LW BLACK/WHITE MONITOR CHASSIS 


Figure 5.1: Components of the AGA  Thermovision 780. 


(Ref. 7] 
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The lenses of the SW system are constructed from 
silicon, and those for the LW system are constructed 
from germanium. 

From the front of the scan head the aperture stop and 
the bandpass filter can be selected. For our purpose the 
non-filter position and the f/1.8 aperture stop have 


been used. 


2. Detectors and Cooling 


There are two detectors , both cooled to 77?K using 
liquid nitrogen. For SW applications an Indium-Antimonide 
(InSb) and for LW applications a Mercury-Cadmium-Telluride 
(HgCdTe) detector 13 used. 

3. Display 

A black and white display for each band gives 
an image of the ob ject viewed. The brighter the 
object appears on the display, the more IR radiation 
it emits. 

4. Technical Data 


Technical data for the "AGA 780" appear in Table 1. 


C. MEASUREMENT TECHNIQUES 

The " AGA Thermovision 780" measures , as mentioned 
before, IR radiation within two bands (windows) or 
spectral ranges, the 3-5.6 um window and the 8-14 um 
window. The radiation received by the equipment includes 


radiation reflected by terrestrial objects in the line of 
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TABLE 1 
AGA SENSOR TECHNICAL INFORMATION Ref. 13 
Performance characteristics 
Spectral Region (Hm) З ёо 5.6 and/or 8 to 14 (1) 
Frame rate (sec j) 6.25 
Field rate (sec `) 25 
Interlace 4: l1 
Replaceable  Fore-Optics FOV2 (2) 
FOV (deg) , AZ 7 
EL 7 
IFOV (mrad) , AZ Pot 
EL 1.1 
NEAT at 22°C ( °C) 0.12 
MDT ( °C) «0.1 
Dynamic Range ( °C) -20 to 900 
Optical Data FOV2 2 
Effective Aperture Area 134 24 
Diameter of Aperture (cm) 5.5 
Effective Focal Length (cm) 9.9 
f/ number 1.8 
Detector and Cooler Data 
Type and Material InSb or HgCdTe 
Number of Elements 1 
Peak Wavelength (ит) 5 or 10 
Notes: (1) According to [Ref. 13] the SW window is 2 to 5.6 
Mm but [Ref. 7] gives 3 to 5.6 pm. 
(2) There are four other possible FOV's (3.5X3.5, 


12X12,20X20,40X40) but data is presented only for 


the one used. 
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sight and also is affected by atmospheric absorption , 
thus making the relation to the temperature of the objects 
observed a non linear one. 

The equipment measures the received IR radiation 
in " Isotherm Units ( IU) " , an arbitrary unit of 
measurement. The value obtained has a linear relationship 
with received photon flux (photons/second). 

If ob ject temperature is desired , the non-linear 
relation of IU and Temperature ( С) 15 given by 


calibration curves (SW figures 5.2 to 5.5 ,LW figures 


5.6 to 5.9 ). In these curves the object surface 
emissivity has been assumed equal to опе (є =] , 
object:black body ), and no atmospheric absorption has 


been considered. If the object is not a black body ,or 
atmospheric absorption has to be taken into account, 
corrections have «Хо be applied ( See section V.E 
Corrections of measurements Тог non~ideal situation). 
There are two basic methods of thermal measurement 

using the AGA 780 

(1) The Direct measurement where the equipment is 
used to obtain directly the temperature of the object 
without any reference to any other source of radiation. 

(ii) The Relative measurement where the equipment 
is used to obtain temperature by comparing the radiation 


received from the observed object and the radiation 
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Figure 5.2 
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AGA Infrared Systems AB 


INDIVIDUAL CALIBRATION OF 780 DUAL BBAR 


SERIAL NUMBERS 


SCANNER 
DETECTOR 
FILTER 
LENS 


ee ee ee ae 


CALIBRATION 


SUDB 4011 
G 1739 
NOF 

7 3009 


CONDITIONS: 


AMBIENT TEMPERATURE : 
RELATIVE HUMIDITY : 
OBJECTIVE DISTANCE : 


CALIBRATION 
OPERATOR 


DATE : 


29 C 

SÛ ^ 

1.0 м 
82-09-17 
В.А 


CALTEHRATION CURVE CONSTANTS 


APERTURE 


23 


2-3 


10 


14 


: SW calibration curves for the AGA 780. 


A 
811203 
449342 
267514 
151958 
76669 
65232 
38173 


30288 


B C 

31177224 1.00 
S127 S0 1.00 
3161.13 1.00 
3182.86 ` 14.00 
3220.95 1.00 
3242.19 1.00 
3253.91 1.00 
3405.76 1.00 

[(Ref.7] 

follow are of the form 

1 


e ! 
empirical constants above.. 


The curves that 
À 

ЖЭ сы Даут с 
A, B, C are the 
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Figure 5.3 : SW calibration curves for the AGA Spo 
Temperature range from -209С to 50°C. | 
[Ref. 7 | | 
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Figure 5.4 : SW calibration curves for the 
Temperature range from -20°C 
[Ref. 7] 
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AGA Infrared Systems AB 


INDIVIDUAL CALIBRATION OF 780 DUAL BBAR 


SERIAL NUMBERS | 


SCANNER : LUDR 4011 

DETECTOR : G 1739 

FILTER : МОР | 
LENS : 7 3405 | 


CALIBRATION CONDITIONS: 


AMBIENT TEMPERATURE : 24 C 


RELATIUE HUMIDITY 1535 2 
OBJECTIVE DISTANCE : 4.008 
CALIBRATION DATE г 8209-27 
OPERATOR : B.A 


CALIBRATION CURVE CONSTANTS 


APERTURE А B С 
1.8 -3584 1506.49 -0.436 
2.5 -4060 1569.30 -0.759 
3.6 -6514 1629.70 -1.824 
5.4 5420 4610.70 2.796 
22 1423 1606.54 ` 4.098 
10 584 1604.29 0.885 
14 306 4210.0 06775 
20 +95 1650.54 0.767 


calibration curves for the AGA 780. [Ref.7] 


The curves that follow are of the form 


В, С are the empirical constants above. 


————: Calibration curves 
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Figure 5.8 : LW calibration curves for the AGA 780. | 
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[Ref. 7] 
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Calibration curves 
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received from an external reference source of known 
temperature and emissivity. 
For our purpose the Direct measurement method was 


used mainly because of the lack of an "ideal reference", 


ie. an object of known temperature, having the same 
emissivity and situated near the observed object. For 
example it was (almost) impossible to have an "ideal 


reference" near a cloud. 


D. DIRECT MEASUREMENT PROCEDURE 
Assuming that the emissivity of the object and 
the transmittance of the atmosphere are equal to one, 
ё = 1 


ч (У-1) 


т = 1 
а 


the following procedure was used ( figure 5.10 and 5.11 


show the equipment and the procedure respectively ): 


(i) The “THERMAL LEVEL" control knob was set to 
some specific value "L" ,to obtain a satisfactory picture. 
(ii) The "THERMAL RANGE" control knob was set to 


improve the picture obtained above. 
(iii) The “ISOTHERM LEVEL 1" control knob was set at 
some value "i" in order to brighten up the object of 


interest. 


(iiii) The values "L" and "i" were added to obtain 


the radiance I in Isotherm Units. 
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Figure 5.10 
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Front face of the AGA black and white 
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[Ref. 7] 
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Е. CORRECTION OF MEASUREMENTS FOR NON-IDEAL SITUATION 

Many factors affect the radiation received by the AGA 
780 from an object. The most important ones and the 
actions taken, either to correct them or just to take 
them into account , are listed below. 

(1) Emissivity. 

Most of the objects have an emissivity less than 
опе (є <1) , often non-uniform over the spectral range 
(€ = e(\)<l). Typically the emissivity of a cloud ranges 
from 0.2 to 0.8 but for clouds of thickness greater 
than 100 m the emissivity can be assumed to be close 
to unity. (refer to III-B-3) 

(11) Object reflections 

An object will emit not only its own radiation 
but also it will reflect radiation from other objects 
(surroundings). If the object to be measured does not 
transmit IR radiation its reflectivity will Бе 

р - 1 се (У-2) 
So , according to the assumption made in the above a 
cloud’s reflectivity will be less than 0.1 

(111) Object size 

If the object does not cover the solid angle 
subtense of the detector then radiation will be 
received from the background. In most of the measurements 
made here an effort was made to have the object more 


or less covering the entire field-of-view. 
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(iiii) Atmospheric absorption 

Water vapor or ice (H,0) ,Carbon dioxide (C0, ) and also 
some other constituents of the atmosphere absorb the 
IR radiation. Thus IR radiation received by the system 
will be less than that emitted by the object observed. 
The ratio of these two is the transmittance of the 


atmosphere , T3 » and is provided by the  LOWTRAN code. 
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УТ. EMPIRICAL CALIBRATION OF THE AGA 


A. GENERAL 

An empirical calibration of the "АСА Thermovision 
780" was made in order to determine if the calibration 
curves provided by the manufacturer were accurate 
enough under the circumstances in which the equipment 
was used. 

The calibration of the AGA consisted of a two 
scale experiment 

(1) A near field experiment and, 


(ii) A far field experiment. 


B. NEAR FIELD EXPERIMENT 


The thermal radiance of an aluminium can filled 
with water was measured. The can was painted black 
(painting procedure :1. Aluminium plate polished, 2. first 
coating , zinc chromate TT-P-1757 , 3. second coating , flat 


black paint , Part no. 8010 582 5382 ) in order to have 
emissivity close to unity, and was placed at a distance 


of 4 m from the AGA (figure 6.1 shows the setup for the 


experiment). Тһе water in the can was heated from 
ambient temperature up to its boiling point. The 
temperature of the can was measured with a 
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thermocouple and every 2°C measurements of the thermal 


radiance were made using the AGA. 


This experiment was carried out twice and the 
"Isotherm Units" reading of the AGA for each 
temperature appears in Table 2 . In figures 6.2 and 


6.3 IU's are plotted versus temperature for SW and LW 
respectively. In these same figures the calibration 


curves given by the manufacturer were also plotted for 


comparison purposes. Аз can be seen the empirical 
calibration , data falls pretty well into the 
manufacturers curves. The data of the curves noted 
"empirical calibration 2" is a little offset , it is 
believed , mainly because of inaccuracies in the 
thermocouple readings of the temperature ( offset of 


approximately 3 to 4°C ). 


C. FAR FIELD EXPERIMENT 

The thermal radiance of an aluminium plate of 1 
^ surface (lmXlm) was measured. The plate was painted 
black (Same painting procedure used as the one described for 
the Aluminium plate) in order to have emissivity close 
to unity. The experiment was carried out during 
two periods on the roof of Spanagel Hall (building 
232 ,NPS). The plate heated by the sun can be assumed 
to have small fluctuations in its temperature throughout 


the experiment. Readings were taken with the plate at 
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TABLE 2 


FIELD MEASUREMENTS 


NEAR 


exp. 


e 


; LW (IU) 
ЭХ exp. 


gud 


SW (10) 
“185 схо.! 


Temp. (°C) 


— — سے کے کے سے ست — — — — — — — — — — — — — کے سے سے کھت سے سے سے سے مھ —— — — — — —— — سے سے چچ — — — — АВ‏ 


Ambient temperature 23°C 


Note: 
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TABLE 3 


FAR FIELD MEASUREMENTS 


! SW (IU) 
tance (ft) | — ехр.! 224 ехр. 
30 48 р 48 
60 і 48 48 
90 : 46 i 47 
120 | 48 44 
150 41 | 44 
180 | 46 i 44 
210 : 44 | 41 
240 i ++ | 41 
210 : ХХ 39 
300 ХХ 37 
330 : xx i xx 
360 xx ; xx 
390 | xx i ХХ 
ап 46.7 | 43.3 
andard À | 
deviation | 1:5 4 3.7 
rresponding: 
erature(9?C): 43.5 1 42 
i * ` * 
* The actual temperature of 
in the 1° exp. : 42°C at 
эв 37°C at 
in the 2 exp. : 44°C at 
38°C at 


the 


LW (IU) 
Stas ‘and 

ехр.: 2 ехр. 
76 i 78 

72 Р 78 

68 : 78 

75 15 

74 N 75 

74 i 75 

74 : 74 

75 : 73 

74 i 71 

74 ; 71 

75 ' 72 

73 74 

71 ` xx 
7325 ; 74 

2. i 29d 
47 i 4T 

x ' x 


plate was 
center, 
corners. 
center 
corners. 


**X Plate not detectable by the system. 
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different distance intervals (from the АСА) from 30ft 


up to 390ft away. 


The values obtained appear in Table 3 . These 
values as it can be seen are more ог less the 
same , independent of distance. 


Specifically for the first far field set of 


measurements the plate temperature was 42° С at the 
center and 379. С at the corners and the average 
thermal values measured were 46.7 IU in SW (with 


standard deviation € -1.5 IU) and 73.5 IU in LW (with 
т -2.1 10). These values correspond фо 43.5 °C in SW 
and 47 °C in LW. 

For the second set of measurements the 
temperature of the plate was 44° C at the center and 
38° C at the corners. The average thermal values 
measured were 43.3 ТО in SW (< =3.7 IU) and 74 IU 
in М (с -2.3 IU) corresponding to 42? C and 47° С 


respectively. 


D. CONCLUSIONS FROM EMPIRICAL CALIBRATION 
The conditions of the experiment ( Estimated 
accuracies : IU reading + 5% , thermocouple reading + 5% ) 


were not good enough to give good empirical calibration 


curves. 
The near field experiment showed that empirical 
calibration curves are not better than manufacturer's 
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curves and the far field experiment showed that 
absorption of the atmosphere is not a big factor at 
small distances (up to 130m). 

What has been shown is that for the purpose of 
the present work one should better use the 
manufacturer's calibration curves and keep in mind that 
the results will have a tolerance of at least 


*5X (IU reading accuracy ). 
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VII. SIGNATURE MEASUREMENTS 


A. MEASURED OBJECTS 
A11 the measurements, using the AGA , were made 
from the roof of Building 232 (Spanagel Hall) of the 
Naval Postgraduate School (NPS), (observers height 30m). 
The objects measured were in the vicinity of the 
NPS and specifically the following 
(i) Different cloud formations at different ranges 
and altitudes. 
(ii) The following buildings: 
(a) The Monterey Sheraton Hotel located 
at 401 Alvarado St., Monterey CA. 93940. 
(b) Halligan Hall (building 234 of the NPS) 
th 


(c) А warehouse located at 1260 9 St 


Monterey CA. 93940, viewed across the NPS. 


Figure Tel is a map of the Naval Postgraduate 
School showing the location of Halligan Hall and 
the warehouse at син St. and figure 7.2 is a map of 


the city of Monterey showing the location of the 


Monterey Sheraton Hotel . 
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Figure 7.2 : Map of Monterey „СА. 
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В. FORMULATION OF MEASUREMENTS 

An object will emit thermal radiation due to its 
temperature. The objective of the present work 15 to 
find this thermal radiance. 

The radiation received by the АСА is the sum of 
the object radiation, the radiation reflected by the 
object and the radiation emitted from the atmosphere 
(figure 7.3). 

If we make two assumptions 

(i) That the observed ob ject is opaque (ie. 
there is no transmission of IR radiation through the 
object), and, 

(ii) That the ambient temperature is uniform for 


all surroundings 


we can assume that the three factors above are 
equivalent to three objects laid опе on фор of the 
other , with the same dimensions , that emit photon 
fluxes 5, з За апа Sg tm respectively. 

5 is the photon flux (photons/sec), into’ the FOV 
of the receiver , emitted from a blackbody of 
temperature о at short distance, ie. no atmospheric 


absorption present. 
5 is the Photon flux (photons/sec), into the FOV 


of the receiver » due to reflection of ambient 


radiation from the object . 
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5 18 the photon flux (photons/sec) , into the 


atm 
FOV of the receiver , due to atmospheric emission and 
scattering. 

to is the object temperature. 

The first object , being the source itself , emits 
photon flux equal to e Зо’ which attenuated via the 


atmosphere becomes 
object radiation = € т S 
о а o 
The second object , corresponding to the radiation 
reflected by the object , will emit photon flux equal 
to Р, Sa ‚ where Р, is the reflection coefficient of 


the source. From the assumption that the source is 


opaque we have that 


Po ~ Ro Ес 
then the reflected photon flux is equal to 
(1-6)5, which attenuated through the atmosphere 
becomes 
reflected radiation = T (l-e )S 
a о’ а 
Finally the radiation emitted from the atmosphere 
will be, 
atmospheric radiation = Ion US tm 
Then we can write the radiation received by the 
AGA in the form of the following summation 


15 


5 °=т є 
о 


3 "m + Tal Sg * (1-7 Sar (MIEL) 


m 
-object radiation 


+ reflected radiation 


+ atmospheric radiation 


where , 

5 : 15 the radiation received via the 
atmosphere from the object surface 
(photons/sec). 

Ек : is the emissivity of the object . 

n >; is the atmospheric  transmittance . 

The "AGA 780” has a linear photon counting 
detector. Thus. the relationship between S values 
(photons/sec) and thermal values I (10) is а linear 
one . 

1 - С К 5 
where С is a constant factor relating the signal 


in Isotherm Units to the received photon flux at the 
receiver (ie. C is an instrument response factor). 


This yields , 
I = T Eolo + T Cres a t (Im b (VII-2) 


where the I values are radiation detected by the 
AGA in IU and refer to the calibration curves of 
ТО vs T °C Provided by the manufacturer . 


Equation (VII-2) solved for i gives , 
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Lo is the measured IU (thermal) value and I, is 
the thermal value of the object at the position of 
the object . By thermal value is meant the 
radiance of the ob ject converted into ТО through 
the calibration curves . 

If we assume that the ambient temperature 229 
is the same as the atmospheric temperature (t im then 
the equivalent source thermal values from the 


surroundings and the atmospheric path will be equal, 


and equation (VII-3) can be rewritten as follows, 


* 1 
м - ( ----- DI (VII-4) 
€ € т 
O a O a 
ре НИ 
ог, І = -2-----2- + I (VII-5) 
O T a 
O a 


Equation (VII-5) will be used to give the source 
thermal value of the object іп IU , and from that 
the radiance of the object (Wi Gm ae) will be computed. 

The procedure that was followed appears in the 


next section. 
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С. APPLICATION OF THE FORMULATION TO THE 

EXPERIMENTAL DATA 

(1) A measurement with the AGA will provide a 
value I, (of irradiance equivalence) in IU. 

(2) Entering the calibration curves of the AGA 
with the ambient temperature (ta? we obtain the value 
I, (IU) . 

(3) From the LOWTRAN 6 code with the meteorological 
and geographical data of each case we obtain the 
transmittance of the atmosphere лэг : 

(4) Тре emissivity will be assumed to be 0.90 for 
clouds (in the SW) and 0.80 for buildings in the 
SW). The LW emissivity is calculated assuming the 
emissivities in the SW are correct , as analyzed in 
the next chapter. 

(5) Using equation (VII-5) we obtain the thermal 
value Ty of the object . 

(6) From the thermal value I, of the object we 
find , using the calibration curves again , its 
temperature . The temperature of the object calculated 
from the SW data has been assumed to be the correct 
one ( see Chapter 8 ). 

(7) Using а TI-59 program (listing and analysis of 
that program appears in Appendix А) we compute the 


in-band radiant flux density Мо (W/o) of the object. 
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(8) If the observed object is a flat  lambertian 
surface then the radiance , Lo ; from that object will 


be , 


L шо---- (W/cm2 sr) (VII-6) 


The  lambertian surface assumption was reasonable for 


most of the objects observed 


For clouds where the thickness is much less 
than the range of observation another approximation 
might be considered ; the spherical surface approximation 


where the radiance of that object will be , 


Е Mo 
L = ------- (W/cm2 sr) (VII-7) 
0S 
4n 
This last approximation was never used because in 
all the cases observed the extent of the clouds was 
greater than or about equal to the range of 


observation. 


D. SAMPLE CALCULATION 
(1) The radiance of a cloud in the SW and LW 
windows was measured . The values obtained were 20 
and 49 10 respectively. 
I ^ 20 IU 


059 


lorw 49 IU 
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(2) Entering the calibration curves with the 
ambient temperature БЭ = 20°C we obtained the value 
Та? 

I SW - 19.5 IU 
I ALW = 47.5 IU 
(3) From the LOWTRAN 6 code we obtained 
ES 0.1167 in the SW ‚апа 
— 0.3721 in the LW 

(4) Since we dealt with a cloud, its emissivity in 
the SW was assumed to be 0.90 and the LW emissivity 
was calculated as 0.733 (this calculation appears іп 
the next chapter). 

еси - 0.9 
ети = 0.733 
(5) Using equation (VII-5) we obtained 
20-19.5 
I = + 19.5 10 
OSW 0.9x0.1167 
ог, losw = 274.34 ЕЦ 

(6) From the calibration curves we found the 
temperature of the cloud as 26°C using the SW То 
value and 23°C using the LW I, value . This deviation 
is attributed to departure of the spectral radiance 
from the blackbody curve in the vicinity of the peak, 
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аз found Бу E.E. Bell et al. (Ref. 14]. This "short 
wave" temperature is thus assumed to Бе appropriate. 
(7) Using the 11-59 program the in-band radiant 


flux density was computed for the two wavebands. 


0.001178 W/cm” 
2 


Мози 


MoLw 


(8) Finally dividing by п and multiplying by the 


0.01699 W/cm 


corresponding emissivity we obtained the in-band 


radiance of the cloud in the SW and the ТИ windows. 


пија“ “овие. 
OSW 
п 
ог, 
0.9 X 0.001178 ол ә 
Босс эж... аг 212 — = 3.375 X 10 W/cm sr 
n 
and, 
НЕР LU 
OLW 
п 
Or, 
0.733 X 0.0165 -3 2 
үн” сее — و‎ = 3.964 Х 10 W/cm sr 
п 
Here the LW radiance is computed using the "long 
wave" emissivity е, as computed in Chapter eight. 
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VIII. DATA ANALYSIS, PRESENTATION OF RESULTS 


A. DATA ANALYSIS 


1. Emissivity 


The major uncertainty in the determination of 
cloud radiance from direct radiometric measurements 15 
the determination of the appropriate value of 
emissivity .In the absence of a reference source at 
or near the location of the cloud this can only Бе 


inferred indirectly. 


The procedure adopted to determine source 
temperature was carried out using an assumed value 
(appropriate to literature values) of 0.9 for both 


long and short wavebands. In all cases the temperature 


of the object calculated from the SW data , assuming 
that the emissivity was 0.90 in both SW and 
LW (graybody approximation) , was greater than the 
temperature calculated using the LW data. 

An interpretation of this result is clear if we 
observe figures 3.2 and 3.3 . There we can see that 
for about the same conditions of measurements as the 


ones we had (cirrus-cumulus clouds, elevation angle x 15?) 
the cloud spectrum approaches the blackbody curves in 


the 3-5.6 um range but is far different (less) in the 
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8-14 аш window . The same was also observed for a 


city scene in figure 3.16. 
This phenomenon is not due to the atmospheric 
transmittance because аз it can be seen in Table 5 


the transmittance in the SW is less than that in the 
LW. 

The reasonable interpretation of this is that the 
emissivity in the SW is close to one (according to 
figures 3.2 and 3.3 ) , but that this is not the 


case in the LW. 


To account for this variation the  emissivity in 
the SW has been assumed to be 0.9 for clouds 
and 0.8 for buildings . Using these values a 
temperature of the object is deduced . This temperature 
has been assumed to be correct , and from this 
tracking back a consistent emissivity for the the LW 


has been calculated. 
The procedure used is described below. 


2. Calculation of the emissivity in the LW 


Equation (VII-5) solved (for — yields 


Io " EM 
SE am N (Viti?) 
T (1-1) 
In this equation I5 is the measured thermal 
value ( IU) of the object  , I, is the atmosphere 
thermal value (IU) В І is the object thermal value 


O 
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taken from the calibration curves where we enter 
with the temperature of the object as computed with 
the SW data , and Tx is the transmittance calculated 
with the LOWTRAN 6 code. 

The following is a sample calculation of the 
emissivity in the LW band. 

In section VII.D the temperature of the cloud 
using the SW data was calculated to be 26°C. 

With this value entering the calibration curves 
we get, 

I, = 53 IU 

The other variables on the right hand side of 


equation У111-1 are the same аз in section VII.D, 


I ’= 49 IU 
о 

I- 425 IU 
a 

T = 0.3721 
а 


Equation У111-1 then gives an emissivity Рог the 


LW, 

E OLW 0 14 

This emissivity is then used in step  VII.D.(8) 
to calculate the  in-band radiance of the cloud in 
the LW. 


3. Comments 
In some cases the computed emissivity in the LW 


did not fall in the permissible range ( 0<є<1 ). 
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of 


This may have been caused by a number of factors, 
which the most likely are the following 

(a) Invalid assumption that the emissivity is 0.9 
ог 0.8 (clouds or buildings) in the SW. 

(b) Different transmittance from the one computed 
Бу the LOWTRAN 6 code . 

(c) Invalid assumption that the objects measured are 
opaque. 


(d) Error in the measurement. 


The analysis showed that the emissivity of the 
clouds in the SW is more or less close to unity; 
therefore the assumption of their emissivity being .9 
should be correct with an estimated error of + „ЕЁ. 
The same holds for the emissivity of the buildings . 


The transmittance computed Бу the  LOWTRAN 6 code 
might be in error , since the atmospheric model 
used (Midlatitude Winter ) might not match with the 
actual atmospheric conditions. No local meteorological 
measurements were made during the experiments. The 
magnitude of the error inserted in the computation of 
the emissivity , due to a transmittance error of 
a factor of 0.3 , will be a factor of three 

The assumption of opacity of the objects is valid 
for the buildings апа for clouds thicker than 60 m 


(fig; 3.11). 
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The main source of errors comes from the 
measurement itself . An accuracy in the measured thermal 
value I5 of t€ 3 ТО (which is about +6%) could yield 
an emissivity error of about + 0.9 which will cause 
the calculated emissivity to exceed the accepted range, 
(0<є<1). 

Гог those cases in which the computed emissivity 
in the LW was outside the valid range it has been 


assumed to be 0.7 for computation of radiance. 


B. PRESENTATION OF RESULTS 


The data collected appear in Table 4 along 
with information about the range of the object. Data 
on clouds was obtained from Monterey Air Traffic 
Control Tower ( MATCT ) and from Fritzsche Field 


( Fort Ord ) 2 


Table 5 shows the LOWTRAN atmospheric transmittance 


for each case along with the clear sky radiance. 
Table 6 shows the calculated radiance of the 
different objects along with their emissivity 


Finally the average radiance values obtained appear 


in Table 7. 
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TABLE 4 


DATA COLLECTED 


; Number of ; : Meas. (IU) : | 
Object === |; Range : 
;, measurement. ' SW ; LW „ | 
: 19 i SHERATON о: 02: 3. ИЩ». 
i 21 HALLIGAN 26 : 54 100m =; 
i s і WAREHOUSE ` 21 ' 54 ; 150m | 
' 4. ' CLOUD ' 20 , 49 ı 10km 
, 5. SHERATON i 20 і 45 ı3. 7km | 
! 6. і CLOUD ' 46 : 44 4 10km =: 
' T. i CLOUD ' 15 і 42 : 10Кш 
8. | CLOUD "16 +; 43 |. 15km . 
9. С1000 i 15 ; 40 : 15Кш | 
í 10. : HALLIGAN : 25 : 50 :, 100m  ! 
: 11. | WAREHOUSE ‚ 23 +: 50 +} 150m 

i 12. , CLOUD ` 16 : 40 : 10Кш 

13. ' CLOUD ' 16 ' 43 ‚ 15km i 
: 14. ' CLOUD i 17 ' 42 | 15km 
Ко, н CLOUD ' 18 ' 44 ‚ 10km 
i 16. ` CLOUD 15 t 42 ; lOkm i 
! 17. ; LOW CLOUD ‚ 21 : 44 ‚| Thm | 
i 18. ‚ LOW CLOUD н 21 ' 45 ' 7 Кт 
| 19. і CLOUD | 16 ¦ 44 4 10Кш | 
Note: (1) The ambient temperature for measurements 1 


through 4 was 20°C , and for measurements 5 
through 19 , 14?C. 

(2) The range to the clouds was estimated 
from weather information provided by the 
Monterey Air Traffic Control Tower ( MATCT) on 
the cloud coverage of the Monterey Bay area. 
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The 
and 
code. 


TABLE 5 


LOWTRAN OUTPUT 


' Transmittance i Radiance (и/ Са К. : 
: SW ` LW ; SW (X 10 2n ТИ (X 10 D 
i 0.4296 : 0.7574 | 0.9966 : 0.8437 
: 0.7954 : 0.9618 : 0.4997 0.1593 
: 0.7954 : 0.9618 : 0.4997 0.1593 
i 0.1167 : 0.3721 : 0.944 : 1.866 
i 0.4296 : 90.7574 + 0.9966 0.8437 
| 0.1067 : 0.4972 : 1.231 1.547 
| 0.2065 : 0.5157 i; 1.021 i 1.497 
' 0.1247 : 90.3872 ! 0.9753 i 1.832 
: 0.1247 ., 0.3872 | 0.9753 i 1.832 
0.7954 : 0.9618 · 0.4997 0.1593 
: 0.7954 : 0.9618 : 0.4997 | 0.1593 
0.1067 : 0.4972 : 1.231 | 1.547 
0.1247 =: 0.3872 ! 0.9753 1.832 
0.1247 ‘+ 0.3872 | 0.9753 1.832 
0.1935 i: 0.4972 : 1.001 i 1.547 
i 0.1935 : 0.4972 : 1.001 1.547 
І 0.2243 : 0.5403 ¦ 1.014 i 1.45 

; 0.2243 : 0.5403 ¦ 1.014 1.45 
0.1935 : 0.4972 ^: 1.001 1.547 


— — — — «вэ —— — —— —— —— —— —— —— — — —— — — — ee ee سے‎ ee ee ee — — — — — — — —— — — — — — — 


above values are path average transmittance 
path radiance computed using the  LOWTRAN 6 
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Number :SW emiss. 


of ; | W/cm SR н | W/cm аг 
|! meas. | X10 i ‚ X10 
i i : 0.8 ‚ 3.888 ; 0.838 ‚ 5.108 
2. ‚0.8 ‚ 3.8345 ‚ 0.778 ‚ 4.539 
32 : 0.8 ‚ 3.649 : 0.711 4.210 
i 4. : 0.9 nds ib : 0.733 ‚ 3.964 
i 5: : 0.8 ¦ 3.476 ‚ 0.985 ‚ 5.703 
6. ‚0.9 : 222951 2027 **: 3.558 
: Y : 0.9 1.928 ‚ 0.7 ж*Ж*! 2.923 
: 8. ; 0.9 2.851 : 0.32 > 1.601 
9. ‚ 0.9 | 1.791 :» 0.7 TF! 2.825 
10. : 0.8 ; 3.769 ‚ 0.601 | «350612 
: mm : 0.8 ‚ 3.206 0.742 4.138 
i r2 : 0.9 НЭГ ЭЭ! | 0. 7 ХХ: 3.558 
13. : 0.9 > 2-851] ‚ 1 ‚ 5.004 
14. : 0.9 ‚ 3.879 : 0.49 21823 
15. : 0.9 ‚ 4.105 ‚0.7 жж. 4.144 
16. ‚0.9 ‚ 1.859 |l 4.4107 
: p : 0.9 ‚ 5.767 1210 22 1.525 
18. : 0.9 :! 5.767 ‚ 0.516 (09.575 
19. : 0.9 ин 21851 "| 5.004 
The emissivity in the SW band is assumed 
for clouds and 0.8 for buildings . 
The emissivities marked ** or *** are 
because the calculation yielded emissivity out 
accepted limits ( >l and 40 respectively ) 


TABLE 
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SW Ragiance: LW emiss. 


COMPUTED RADIANCE 


‚ LW Ragiance 


as 0.9 


assumed 0.7 


of 


7 


TABLE 


VALUES 


RADIANCE 


AVERAGE 


— ET Х 103 i 


LW RADIANCE 


W/cm^sr X 104 


SW RADIANCE 


3.544 


3.302 
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IX. CONCLUSIONS RECOMMENDATIONS 


A. CONCLUSIONS 
The radiance measurements obtained appear 


analytically in chapter 8. 


A comparison of radiance from a cloud, for 
example, and the radiance of the background sky, shows 
that the cloud would always have, in these cases , a 
positive contrast with respect to its background. This 
shows the necessity of the existence of шоге than a 
background supression scheme ie. a system that, after 
the subtraction of the background radiance, will 


differentiate between real targets and clutter. 


B. RECOMMENDATIONS 

During the present work the main problem 
encountered was the translation of IU into meaningful 
radiance values. The problem was solved by using very 
general approximations : the Lambertian surface 


approximation and the spherical surface approximation. 


For better results a calibration curve of 10 
versus radiance units would be useful. The 
representative of the AGA Corporation (Mr. Jack M. 
Patterson , 108 Arena st. , El Segundo , CA. 90245  , tcl. 


(213)- 3226257) has been contacted on that subject 


Э 


ап4 а telex has been sent to the manufacturing 
company in Sweden. 
At the time of completion of this work по answer 


yet has been received on the matter. 


It is recommended that this subject be pursued 
because, for any application, and specifically for 
radiance measurements like the опез made here  , it 
will be very helpful to have on hand a calibration 
of IU measured versus  radiance ҮЧ emitted Бу ап 
object. 

An interesting experiment will be to measure 


simultaneously an object with both the AGA апа the 
IRSTD and obtain IRSTD signal calibration versus 


radiance. 
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АРРЕМОТХ А 
TI-59 PROGRAM FOR CALCULATION OF THE IN-BAND FLUX 


A. GENERAL 
The TI-59 program used to calculate in-band flux 
was originally written by Robert Pitlak (Appollo Lasers, 
6357 Arizona Circle , Los Angeles CA 90045 ) for ап НР-67 
calculator. 
The inputs of the program аге: 
(1) The initial and final wavelengths that define 
the band. 
(2) The temperature of the object (in °K, or in 
OC, or in °F). 
(3) The number of intervals in the numerical 
integration ( this no. must be even ). 
The result may be given either in Ран sec 


ог in W/cm“ 


В. ТНЕОНҮ 
Plank’s blackbody radiation law may be written in 


the form: 


Х 
Q - | е, а dì photons/cm2 sec 
2 
^2 
ог, Ч -| сү (а/Х) dd Watts/cm2 
Х 
1 
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1 с 
where Ч mT ,و‎ x = — 
A. (e -1) AT 
and c, - 1.883651556 x 10? 
су = 37418. 42875 
со = 14388. 32334 
The above integrations are carried out by the TI- 
59 numerically in any (even) no. of intervals 
specified by the user. 
C. PROCEDURE 
To use the program 
(1) Load the card into the TI-59 (both faces to 
be read). 
(2) Press’ RST. 
(3) Enter ^1 in microns , then press R/S. 
(4) Enter do in microns, then press R/S. 
(5) Enter T (temperature) then press 
A if in °K 
B if in °F 
C if in °C 
(6) Enter n number of intervals of the 
numerical integration. 
( n MUST be EVEN ) 
(7) Press D for answer in W/cu* 
or E for answer in  Photons/sec 552 
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D. LISTING OF THE PROGRAM 


A listing of the program follows : 


m 
са Са ии K 
gr 


ГЈ 
f^ 
C 
Газ 
n5 
= 
x 


SO NES ILE 


114 02 2 аа В 
055 0; OF кс пуш Ре СТО 
055 03 3 11- J3 3 175056 6 
tS; 25 = 117 04 4 {rr 126 FGM 
0155 42 370 113 ЕШ tre oF па 
000. 42 STU 253 дуо ug 113 43 FCL 173 14 D 
noi n1 ul 2609 21 R75 ley a; OF 150 22 THY 
пр 99 PRT 051 то LBL еј „65. 9 131 52 ЕЕ 
J3 21 RS NES IS 65 5-2 43 FEL 132 ЭЗ РЕТ 
2124 42 270 "063 dz STO »1e2 00 00 153 935 AD‘ 
005 a2 02 064 па па 2124 54 ) 154 AL Res 
0065 39 PRT 3 065 01 1 5 129“ 54 > 125 Té LBL 
ца’ 91 R«3 fee 05 5 2126 75 - 155 15 Е 
moe 26 LEL Her OO 0 1: WML 1 127 35 RD" 
пз 11 RH 055 00 0 125 54 » 125 42 2T0 
nig 42 STO я пп D 129 5 ) 132 05 05 
011 пп пп «ч لا لازا لالا‎ з 61 120 33 РЕТ 
J13 02 2 071 ва ОР I21 ES c 131 эз ADY 
013 06 6 от (4 04 EE TE DL 132 53 X< 
0:4 00 0 Ога 43 RCL 1223 02 a 193 43 RCL 
015 Uu m Пг по 00 154 54 } 1534 02 02 
nie 00 0 MFS Ба OF 135 92 RTH 135 75 «- 
017г 00 0 Dre D$ 06 136 Тю LBL 135 STELL 
015 52 OP Отг 62 OF 137 14 D 137 01 01 
0193 04 04 073 oo on 132 38 яр" 133 54 > 
020 45 ROL Ors 43 ECL 133 42 STU 133 55 - 
121 00 па 020 YO 00 140 05 по 200 43 RCL 
222 53 ПР 051 55 + :141 24 PPT 201 438: (05 
023 06 06 232 02 2 [142 322 RD" 202 25 = 
024 ка ОР 953 07 7 MS S53 « 203 42 STU 
225 Ja DA 024 92 2 1144 43 ECL 204 92 03 
0256 91 R753 025 95 sz 145 02 02 20S Di- i 
ет те LBL mse 42 STU (1456 TS - ‚ 205 93. 
023 12 B пот 00 00 147 43 FEL an? ба 9 
пз 42 STU mss 21 R73 143 01 01: 202 по 2 
030 са 00 MST LEL 143 54 » . eua (3 3 
321 02 2 ПП 18 4* t50 SS = 210 06 5 
ips qu 1 Па] 4-7 STU 151 RC. 11-05. 5 
02$ 00 0 192 0 QF S: 095 05 тог! 
1314 па п 33 5S3 ¢ == 5 lo im 5 
0235 00 а | 023 53 ¢ | 4? STU ! 214 52 ЕЕ 
пое пп D  Пче 042 RCL 05 03 ВЕ 2 
Q3? ва ОР ШО, Па ја 02 3 215 103 3 
изо جلا‎ ua : 037 45 үх a3 217 42 STU 
033 1 ВЕ | paa We RCL aF 518 02 ОЗ 
п ой (QD nau [3 (14 213 04 4 
041 5693 ОР 100 5 01 220 42 STO 
042 06 06 Du 5 05 221 093 03 
043 62 OP ) 5 00 1 
- 4 dt: 
n 
g 
S 


QJ) Ol J* 69 C) 0) СЛ ер БО ا‎ 
=A O F Fe Jo Fe Te Fe ee Fee ON N ON N ON ON O 
0139-3230 0074 40.-4014-02 (9 - СМ 09-433.-07 ба 
c 
fa 


1. ссе о. ео о Ка 
© 
fra 
-5-4К4ЛО3-4440144--1С9 (Л h -y 


Га - | s ө 
146 3 3 EDS үх S2 Е | за 42 STU 
ne ne 2 195 С | 225 06 06 
143 435 = lnc 01 ] 42 STU | eec 36 РСН 
й43 45 x 102 04 4 02 ng Шого Озо 
ШО US 5 109033 05 | 223 14 D 
0517555 = 10 03 3 42 ТП | 230 22 ЇНУ 
052 03 3 111 05 3 г за а 23 ЕВ 
153 55 + 112 33 . 72 01 | 232 39 PRT 
054 02 2 mes tac Зоо | 2359998 9v 
: мы» 23.27 545 


95 


m————————— A e . Уух ا‎ 


н — — — — — 5 


LIST OF REFERENCES 


McCartney, Earl J., Optics of the Atmosphere pp.303- 
318, John Wiley & Sons Inc., 1976. 


Lloyd, J.M., Thermal Imaging Systems, pp.18-66, Plenum 
Press, 1975. 


Hudson, Richard Jr, Infrared System Engineering, pp.l- 
60, 104-109, 557, John Wiley & Sons Inc., 1969. 


Hecht and Zajac , Optics , p.240, Addison-Wesley 
Publishing Company, 1979. 


Feigel’son, E.M., Radiation in a Cloudy Atmosphere, pp. 
4, 221, 224, 225, D.Reidel Publishing Co. 


Wolf, William L. and Zissis, George J. , Тһе Infrared 
Handbook, pp. 3-43 to 3-109, Office of Naval Research, 
Department of the Navy, 1978. 


The AGA Thermovision 780 Operating Manual, Aga Co. 


Kneizys, F.X., and others, Atmospheric Transmittance 


Radiance Computer Code LOWTRAN 6 , Air Force Geophysics 
Laboratory,  AFGL-TR-83-0187, 1983. 


RCA Electro-Optics Handbook, pp.81-97, RCA Corporation, 
1974. 


Feigel'son, E.M. , Light and Heat Radiation in Stratus 


Clouds, US Dept. of Commerce and National Science 
Foundation, 1966. 


Hobbs, Petter V, and Deepak, Adarsh , Clouds , their 


Formation , Optical Properties and Effects, Academic 
Press, 1981. 


PH 3952 - PH 4952 class notes, Cooper, A.W. and Crit- 
tenden ,Naval Postgraduate School. 


Due, Christopher T., OOptical-Mechanical ,Active/Passive 


Imaging Systems - Volume II , ERIM and Office of 
Naval Research - Department of the Navy, T7T53200-2-T II, 


1982. 


Bell, E.E., Eisner, L., Young, J., and Oetjen, R.A., 
"Spectral Radiance of Sky and Terrain at Wavelengths 
between 1 and 20 microns. II Sky Measurements", 


Journal of the Optical Society of America, Vol. 50, 
December 1960 , pp. F313 1320. 


96 


INITIAL DISTRIBUTION LIST 


No. of copies 


Defence Technical Information Center 2 
Cameron Station 
Alexandria , Virginia 22304-6145 


Library , Code 0142 2 
Naval Postgraduate School 
Monterey , CA 93943-5100 


Department Chairman , Code 6l 1 
Department of Physics 

Naval Postgraduate School 

Monterey , CA 93943 


Prof. A.W. Cooper , Code 61 Cr 2 
Department of Physics 

Naval Postgraduate School 

Monterey , CA 93943 


Prof. E.C. Crittenden , Code 61 Ct 1 
Department of Physics 

Naval Postgraduate School 

Monterey , CA 93943 


Department of the Navy 1 
SPACE AND NAVAL WARFARE 

SYSTEMS COMMAND PDW 107-3 

Attn: CDR Carver 


Washington, DC 20363-5100 
Hellenik Navy General Staff 4 
GEN / B2 


Stratopedon Papagou 
Holargos - Athens - GREECE 


Alexander Manolopoulos 6 
Chrysanthemon 29 

P. Psychiko 

Athens 15452 - GREECE 


97 








































































































































































































































— — А 
ч 
ра Му m Р 
M ^ — В 4 = 
Ы чь ч лч. ao E а анис 
= = ° а а 525, Li P ^^ Р = ~ ¬ * 
- ма ан ` T ы] 9 3 ә ~ ma = > non = E -.. мн ы > = 
m ын " "< Эрэг 7 »" "m Р — — — = юэ” амд لے‎ ары 
= БЭР" — Р ” — ыг - мы > E > — a d 
» MOVE Эрүүл” E $ 8. Б к 25 Р — Ч bots T 4 -— ee — Эерэг = سم‎ 
E - > ` wren * * ы E -* ” > мг "шин ant m. тэмээн, „> x ur n РЕР алана = алабы .ا‎ бай 
— on — a , ЯЛ" ياء‎ в Mesure Tl түү 5 | pde کہ ہے‎ — E 
р * Ы ы. = <= E 2 " "A p р — Я — "УС TTT anil eum ци 
т - COATT P eom ы E - * " . * " " А تے‎ „уз fece * үү Ae pam oen pibe ہا پر‎ d 
-. мэ 2.4 E р . Е E ج‎ 3 = — — — а! пру а РЯ oP’ eee ey 
А E T Р, : .. n n a ч p “Ж ра 2 <. = — oai mem e SP — papyro Pila ud 
= enn — — uos Ро + ` Р И у" rer ч E нэ үүнү те” : мг — Б тээг ийн mam om m Pom = =_= = 
< ` P any = ao — - > - ч > ” А =е- - “.... + 5 Жү” кучу е ү с т с РАТА РА и Ааа a a ae ike ebr a olla 
~ - E "n ” owe © ч - ™ E y p^ e .. 277) 2 — — .. ЭР, рисот мо дил вач ав оро. Бый ВЕ dad 5 " 
E Ч Ра ГРАЖ < E 2 Р - 4 - Р PM * z, „= sur P 4 а "тал "P Ы T dien ndn - ња 
= ^ E ia I sin = — “^ d - = * B = xí - Ро “ ыр Ep — — те Pp PEE E E = КУ Жы 
— иа рерни ано аир Фа «иһ е ч ° — - s va — " سے۔ موہ‎ Р порив ла а кунү уну Т ЖЫ „ш سے‎ ди 
* vama то цд и НЯ NM NEM * ы ت‎ РЭРЭРЭ ТҮ: P РІЗ ” тэр” dgy ма - dale nma a ааа d mu. s 
- m майы ш, ы e E O B ** о * Lu € » ья B сэв” — >> T DP O I o an أا‎ жг Е панлер ынах лэ 
‚ ^ t^ FT РЕР m РЕС N р ч Ў Ap Я > A 5 e — E E T a — —⸗ тээ. 
به‎ - b. o мэдээн Ы = Да i РА а и ээ “ E * Р АУ T Я "OP ой м Quas rh Шы 2 .. ЕРФЭРИ” ЭР Тэх хмийн — ee йды» می کد ہے ا ہہ جیا‎ 
ын a нан» b ад чаи Зан» ص‎ à = کو‎ га FELT - И " * P n E мэссэж Pd ee ҮК е, Ра Ж. Жын нэ зан 
` 7%. Са S - ELATI ns S" к" PI x * ELI В ө = .. = “Ул 9 „ " "P د ار‎ Р = pem pus pu ЭРЧ "mE НРА ERES nma سے سے‎ года та c 
- = - — 4 ~» ? ч» LL E B а ы аы d 3 и o P = "кү E سے ا روگ ر ہے “یی‎ ОНО аша ЯЛЫ i-am ? Mm at ar um DERE УЕ Ыы жесе Же ЖК лыбы a ene 
„* " - a= м ТОРРЕС " E" * ^. TS v" нь — - p ЭР өч праи рулуу А um диет о А Apis e p Ld ЫШ Кж m 
„ымы <= + и. БЭ А ые > чз LI d - fw tes 4 P "n Р, ee — AR „= этәрә нүүнүн ү н ri аргач PILLE Em diam ое — која ر‎ 
on + ы "t ГЭР" тээж аа ЕРТ dagt B Ш : - Е ae T Ре ЕА ору uvm "m Pas PA re n мүлчү ла ых = nds ated 
- e ы а. ma 7 лэ УЛС а J. + ‘> - л ہار‎ А ЙЕ Р 2 v » м » ? Ч рр үгүтү PPP Ва а bk РЕГЕ ИНИ a — —i7* 
wh d * NM * ыл. A „ * E > ^w s = = Р r pn — 5 "ТАТ" PEN л — — гж рати, эн ре РА хиам үрүн" „р Кр у КУ Ж ЛЫ ы аы 
—* ау —— Фа. = c pet a ~ ine š uw м e on - » T d -. ы ы а ددر‎ - = Pm раци АА ^ aaa i male ee ہی اوہ ہے ۔‎ mutum eal POST сари 
de. n хээний e وة‎ = © TIU A ч P а ә ا اسي‎ to г Е 3 z A d p gr rw RP PP 227 so gk ve — ⸗ У ا‎ ич уе Т ШЕ rtd 
PL md d -. * мод од со КАСЕ 5 Ра a تو‎ e и - - = ی‎ s > EX К Р « "ec pers x des HU ир ч эмээг Фе кич Эн Р?” ———Q ат et mic inti n rd бо e 
л EN "E Nl E СОСЕ ы мэ” 1120 ын 5. ‚оң == 4 2 owe E х > Р Ear » ч ыы — A кру ү тл сш — — — мг" рё о "e s eee 
Бэлэг” ЧЕ, ТЫ, с ГЭР + Нм чин. тэг A ~ " Ре РРА قر‎ и 5 1 EUR = — — qam E up e qs хан Poo ЗАР Ри ын р өнгөрч ӨР? МО s хална —— — 
— 17 کہ‎ IT E - "had * ` ‘ _ со 4 Ыы - p ы ES ч = Р re — — я 24 Р رە ری‎ > "o ب ن ےا ۔ ے . س ٭‎ РР ун да. — — * sh ли, 
мо ын E чичо от ои рэн ово EY ү РЕА 12 ” as T « E А 4 a, = oe ~ й "ty pt" Гэрэгэ” Mage pnm eure аы EEP D E ар О de eet 
Е е до ча 4 он оо ло 8. а ROE ы T ТРУСА 0 " а m" r F а Ч : Бу: re qe is х EP ЯС л — радија“ „ар nude eh taco st a de —— — ae ДЕЧ 
РЕА ЕЭЗ a К Ы ала тн та ee В б * ү ” ° х з я کے‎ po ire Аҹ » -—" PEE OP m ГР s Amiens rd ж йыт к рел رس‎ РЕ ана 
РАЦЕ дру АГАЕ ны ээн — vL Б Suef ДЕМЕ" m 2 А E » ” Р т АЛЖ Powe к ne oe Py wee БЭЭР ee, has m am ^^ ру ү a mm me gn gin مت‎ 
` = мы ие о Мия а ње - ы xe usw М ее ا‎ . a . E ы - 4 Ы " ve A А m " 3 гї у, Р" . РТА wit dim —. рау ен cnin 
— хэн че EE O r PY 2 * 2 s — ا‎ м "Р e Р Per ЕЕ от? и a АА НА ам М "qp СВ вач ын үт ا‎ Pr Нч а 
РЭГ . ферари n bei bs тэтгэлэгт Ра & de ie mim мсж - Р, и ç * جب‎ — хе л wh POE i EL аа оно Аде "о оне ЦЕ РЫР ЛЭЭ Эр Ло, андад stint И үн аб 
im ыл, — مه م .کے ایک‎ МЭ ал л ° мэн мо за НЕА ТА A ЕРЕ * n a , P Ра 4 نے‎ Р EPRE TT pr onan terre рар OR et Wd deg P der ын айн ийэ хийн ај Ба энийг ан Ай чие 
a Mp чый OE ен we a ” » + موه‎ e “ Б Re ke А ц ` 9 1 а Р А " F earn. pa eer) B E БООРУЛЫ pm " жүүнү алин Dogg УУ ad ۰ سیک‎ jar w мн АА НЕА к манай Б аан 
* ы дь маи "o " x 23 * — * L ш &. я ~ «t E MP pute ETE TT -·- АР didt: Жонн е Р 
д дабы инээ. Ыы S E ы - жэл 2, ` wie I" òs > ~ - نی‎ ш * me 5 ЭРЧ А LT = dm " MN OPE nsi AE T най нийлнэ por СЫ яр ыыы 
an, wate M V. + - — — *c⸗ „или Im „ем aA * жедна a < «4 * «42° Р سی‎ ЭР > таг 5 Бог эр сэн ъ-  — m - кт st pee LRL nd ыы м Мы 
ы — E ьн ow” ыры ra т БЫ" 9 4 х, € ¬ a Я 2 € A иа ВРЗ а Pe “ар р-а pps f PE Ne" седа мэ? Арчер” $ — — — — —* рерни ана — 
— PEUT ⸗ потреса E کک‎ туг", TE ws oye эч ! P д Рет à Ё — дэл — s: heit Aree угону нэ хи ана E — "ul ms eee КА 
мо Цол е ЭРЭ ТЭЭ, аа Чир Ата ЗА NEU сэр” < ` en мл m ча зү? ціс N е e ” Ё а Е ый ^ " Й 5^ е p = at gobh re grbe r" МӨРЭРРФЭГ ЭЛГЭЭ yer amd r ЕРУ дона Т акыш. 
— ай еее. ея "T гае, t» erp ds oe O e 4 д aw ve а PM T TT x Ера“ ч Power greet Cera M 20902 дбай дорт ве a TE Tas i OO мағрур б 
аай aes хээ re — СА, "——— n we а B T АЕ » Я * ы ж б „ ы == P —— P Р Е вэ — nee apa P р-н уй ПНС Чу о ЕН Өр " pde 
ы К : « — FO со виола чин > > ا‎ ~ тэ. * ر‎ Ё 3p m Mao x ї Р " Р EEE P А —* Ра — en тээг рин E ^_^ Жы рон — — 
Ы La lim lat t DE Tons Le күчү > «$4 A4 ч os d р * эъ m - = +» "T VP > ^ Г Хаё бае ы Mp- — Ра af ome mar t ot D کو صر ق‎ Conte ЗЭН оа — —4 ман 
— мын Л са A n E ч ё * d * Dad На r ЯГ پس‎ = ws e go лит کی > رور مر‎ amp мэ». Хэр Р ЭР ЛЭГ нэн ва d cd a pop aa d 
— р үй, об E st СТ + E Шы а Б T n بد ی‎ i ردم‎ ын o^ оо СЕА Зи no v ^ Ч p one PO mr ad — ай ҮС ЧН АЛА А дк Med m dai 
ање Сэ. лын ЧА ates ња ЫЫ ын ань rss MES d ر‎ LESS bl. uh ы ым ы. „ы LI РА я 529 4 РУ № Р je sng d à LM — > ль м ИТУЕ bad ptu mr боди s in n E до аби адай an leal iai t di P лан на Ва лада = 
کے کے‎ оын, Ё مہ ای‎ УО ЫЕ гн. E ` и +», хо E I w* V en fase ы E 2 E г Р а 5 „ари m you РОО P ind "yw — qu Вла Ma — ри р-р 0 om n, ona ah — 
C NO — НЭР ӨМ ҮЭОЭЛЛЛГЛїЭХНн. 8. one 4 NI B Л "E f en T - — 9 Р a eres POR Te РР тор ee ee /% БА ee se rgo мэтэ Реа ар ae Ве: ^ да 
pe -.- T "n A2 т Е "T ъа мэ ‘ З t E ار‎ m ^ ч " ру ФЕ Iw ЭЭ ЭЭ эзме „о aute ftu fad dq ڑم بس مم دم جار سر امم‎ у Р идэн E EE EN O ын ра رشي‎ 
e E ъа — — г ا‎ сыц е — 25 = o3. Cal Aur PLA Ы аи аб ve 1 sur В - " р ⸗ D. Р” Я Tm Р” ЛЭГ "LLL — "T d ud ВА СР ди ври rin deii dii СО наг очо рери у — — — — ig 
= nin bibat -— МРАК начина риби ы d ee това чи ет АЛ « ЕР .. М Ы > Р ہے‎ ѓа А " ш " д ки "Жэн TI pa omn E ЖИ Кл "P toe — — цул hin то родова КАА Аа АЈ ВО se tcl Кр — 
А «АА o. ля ¢ ^. 2 ыы эээ LITER 42 - ut s б ac LI А PX ry Р n MW Ф РТ "ҮР раце (ит > 588 My. РУУ dh etuer re o rtm d tar "dadas dd den ЖУ, Же ы, Р iu animan " 
roO P^ — ИТУЧЕ СИЕ цэ, = d. d - —E „Ам, m 22 ae ся уз = . s pap "nns E Pe nmn worm E. ms p nah ot, pedore? o8 ditior qr pha gh rm ma age ДР mois m m ЫЫ ELE агч و‎ 
раар РЦ ЧИ НОЧИ ука оо е бод доите ло Этүгэн нд ын . eae РА е Я 4 раци re Rr р- p p — ы 3 ч mer Pan м № oo fa phu na эв хай фаре s que о рб до ЗОРА ори ЧУ ХЭЭ en pres Севан ни 
ын ЧҮ Өрү ЧЫГ ЖТ, > А АА ЕЕГ Ч ЖЭ эг "ЖЭ - вк = > 4 а Sa . 9 эй PE OI alat m po y шыр ау {РА 5 р Ta ae pp ial ا‎ -—— M m ии qo “ы Ты al рање 
и E ын aly aw а — tige `" و‎ ра y айы део др а چ‎ — Р: > " io яа کے ام‎ “ог күк pP ü—— — подови. тонат то میں ا‎ di a te 
эъ, бау. ъй, Кб нф ا ی‎ мор Си дыл اا‎ ыыы күү РЕ т Гы وا‎ ты" با‎ E پە‎ M са. T ا‎ “¬ * " p — ee Mm wu pp PEEP gern dti الا ا‎ p OEE "mg Au omar 
- мареге оер ре = "t » -€— M" n р vv T " - ЭР > 4 á а ЭР he ч и зашто — ‚оф уч — — пору НУ و ووو و و‎ 2 раро pre dg aA б 
mann + СЕК Weak tn re nre фа анин ы * e € л i s E hy Ff Cn d s у — - E D, daa и 2 a ee OD il ae td · 46 про БАР СУ Т ТС» o mpi rm n qu endi marier 
- hot dade nm AA PRI sot mw Fas naa tuf PL A - «e ate € A „8 LO eia] E A - Р s qe А PES —— — ч ur" x n ӨРУ nt буы рр финн ЕУ ЛТ, ТЫ е н үү үте ind — — ا ا‎ ha Ди 
m ius tendi o iita m RE Ы — Ре x La ah r e - ` 1 е « г л p = PP dp: ҮРЭЭР ЭГ СЭ магчдд 52. ЖЭЛ, sor dup os gegen FN munt atti Poetis “ет дои удели уин ч 
а мэ i Фү өл бүл ал. вое бида бои уч“ сааи Па * са * Ы u è „ a ми Р мРУГ” Рм "a rpm M m paca per aT ad dul d iiia parer aai iilo m اا‎ РЕ a aa. аа 
—— НРА ا‎ opis лан «т-а АЕ 5м - > ” и * p ny рН «РНЦ puse 4v Cirque i pq а а aA i хөв, pu Pun —— سار سوھ‎ 
= = В pe a *ъ” T Су v me «м. d ын АЛЬ а Ре E ¢ py ЖУ.” 5 кА ФРГ ЛЫР ЛӨ Т К а аа Л ын "Pur qoae i م بای ی رپا ی‎ th Nein qno sae а ан — — оче да 
а === РЕЧЬ а. ا‎ "ahe aiaa O p t^ фа او ر‎ — — — Lm - -. " ү Зе " аі Foe popa Vp pom Divided ро ФИ Аа оа иа тайрна эр ile ha OP in Of — 
АРТ Р ы * п йч B 4 p = — — с ? гуми ~ мў P" ~ - ВР РС Г БК, ГА ро ах АА И е млн до ——— ao guo title I Pont —— — 
5 —— мт НҮ ЕЛЕ а wr гт, эс ла. “.* б = ы га”, ы T * Ч 3 чри d 4 у" M A » ppp qu E qeu УУ eg Deor ua TAa ae prr ab Жыры — — — — * мл» дэд 
o = ————— те Кыды EI ial УТҸ РАА УЫ „бот de ib LE LRL. , 2 Ыы — м ? 4 1 » Кат pu ve wt Opn ligt thse weg pP T re odas РТТ ЖЛ „а Ane = ceo tut vu gale ean ey Clr er nex e — 
—Ó— Г- Жанэт ДА e р: LI ЕРАК ВЕЕ. n И. 2 лэ LU Ki PN Ч és * s he: Р = ed Nw parque n ys pg peg wore үч дери фија ич үүтүн. — —— — ے از‎ л و‎ ame hel al үүт 
СО eA——— о гар — нов Ко гн ъъ i dm riw. е“ ЗЫ ~ ча м ы < СОРЖ, TES PUT ас i ر خر‎ ТЯ. Ро T yr gea а анні di ФА edi amend ا‎ где аалда 
V — — > ГҮ ра AAAF y e o Aidt > — — мын vo S sion эд алд ed 5-22 ^ Б b \ “e ых = Р реси гэг к ” ^ ^ ЕР ВО КС Л Л аа АМ РРА хангал балын Mares ym. улу г Аш кн Ны ERA Бан а тоа 
Ё — — NI CC Mappe Л нм дын рг ТАР ЧЧ TT w^ c. eñ o 5 w P ме E ч ч о ч uw у Ч чє тэн эг neos ^o dee wor rr iid И , و شرے‎ a dn DP Oe O Tine" اذ ہے عیام‎ 
——— OD ъ=, ыа эё йы» Фын чыз ЭТ» wh fave — тэс Се ~ 94 Р " Л ч ” Р e e Го e. سې د‎ ru "UP ef Ge, Pr hd КГУ Ж. ЫМ ep T —2 A e Adas tgm een каа рр дА АЧА 
— — ©) < Reh acre n wê ое ves 4 ал» Р P D Р кл к : РА к p үү rm: каруу ЭЭГ O И РТ а ЕЕ а а радар Apere ЧА илч а Я —— 
4-2 ت‎ пра а КЕ УТ ца да ی ا ر‎ r RR - ws А к E - vd ar ге “арч 9 -— ارک س یا اء رس ادب ب‎ PP PO PEED ЧК Жы ы тэнд, хага Yer EO аар ад PD — К ы жышаан ام‎ 
Ф س‎ со CC Е ELT P мир Р. ИЕА Ae * 2 p pe F Р рр Ф — бо I rs Oy сэ ор НӨ ФРРЖЭС ӨГ ӨР Р Р ЗА г®* рачни паб E aae a ЗА Со 
су — — O Р ДОТ ОТ элс =” Дэн OPI НАСЕ TIT v E м х °. Р СР p » d —— Fear aga рач лра Рад ИН ХҮ s . ИГҮ ТҮ "ы БЫ — کا وای م کہ م کر بے فی چیپ م ری‎ — 
Ко — LO 4 xy edi e снра»: Ee MEL м ч : 54. х V^ CS 1 12 А v Я 7 К рени офи речи 4 кч ЭРҮ ОКИСЫН сиў речете T mgr ru UA me stp bep Ah ER digiti 
CET — — pode e — ^is ‘ — — „ы Жар ы ZI RW PERPE o ” "Lm б — P — n Tu E " „г ЁС و کے بر ہے ا‎ in ЭРГҮҮЛ T ее дэээ kore e АА а аа ако uod erga Moi vocis. зира —— 
— — — 1 оор фич ure ЕА НР-т эж лах „д E CL "T re РУ, FUP PVT e v "v p- v ve Ku d ere ar PSU , ШЕЕ БЕР go Ri eut sur) eT ын РСЕ Н К нару фија фе пр Sintesi 
зэ — — MÀ O oak ol adh i ai За i ме 2 ата Час Ээ Ы б этэн чь Р Р тыс Pm " ы, i — чр 4^ PI "7 1 3 -— vv a h.c ve —— РЕСЕ ЕНЧА — — r — ire ^ 602665 рај — 
Энн а О ЭР былины Фи ПОЛО” ЖЭЛ ХХ мн дах. л ns ow Е м № +. — [s ч РЕА 5 P Pee SS ма gufà gba чии nt PP (pw ва»? ” purge qoc Ау Ааа pur تسای ایک‎ жуутчу ж. и АР Ата дэ — — 
= — >< md qe SUE, АА АЈ Ава d тэжээж. . " - 5 " М bon ‘ Pp ب‎ P Ё а » рын pu оер р Фм Зет Pe PO PT АГ, rere pre peer Tora tL] I eye ЛП БУРЭН pend аа ее реф А 
со = O O eee фолк m i aa бр ор а ۰5٠۴ گ۰‎ ef et -.® > ч) оды = Ag — Ы d " d -. талийн Ca А ro : ИРЭЭР nra agg یی و‎ o a a дат P d ain onam ao^ an alu nmt vai pit — 
— — b 2Х жэл» Лас и ПС. o we : M m T - "y Р аф Р "ET Е کے‎ r9 d "T ТЭЭГ анг c о. РРР СРР do ddr e germen > Mc ye Amen dodi араара 
D = — 2 © Z рекам € — — РЕА и te Oe TI УЛ мг ad — D 9 „ Р pw ý Pew YETER "v 1 "EM нэ” Инн УЗ ү РЫР Ры pondo pr анд аги ер — — — — 
—— ст e —— фр р ИРОД мэ" رانو‎ а ыы n^ * < - vr fuf. F EP CPI he apd am eRe te Dye 5% OTT ev goo oer. serine Ман messing qn dieti aiio e 
t aee — © х IT Сара ата le * ھا ا‎ үл л POT MEE TDL Ll LT T. L * - d D rn TE Б А = ." i ті й. — > s а ч ЭРЭ”, — зу дэл — d cher cem ip ы ын УЕ b irapa pup tti icp pW SPSS ap ng munt patre ee „ы 
- LI е. чоне ё, te ы даты гь ба еа ба. 7а "о оа ой ГО түү Л Ie 5 е ЖИТ, ун x T E E + = جي‎ ие рр СЕ ч Ри , ieee Tidi СНО O TEE Е КР иу е А түү T 25: pu а ТОТ а а ао — 
© = ЕЧ Ы ТЕЗ том dnt «4 ЕЧ А0 ЭГ л ue Гала ом " ѓа , УРТ” а ѓе n di > PTL n кунү үн Б Км Ea х ЖЫ овие дир E ан фра adis 
o S СО >= s aj hin pad Qvi dui bcd diit NL таг ac ¥ е С 4 ЖЛ үлүү бах ѓ ba ” Р ЯГ УР?” дуг”, ET 9 i PW SUN DEPT dd КҮ а пови рас дии porq snippet РТТ нх йи — — тш 
б === ш) МЫЙ е бу-у Ри лм, м ve До ли Ред A 2 x M" и ver р Р Ч Е prd чө" * 2 — a Re SE Dee O o lar del йы Тээр үрэл I a Аа ایی‎ bald aped ar eh урме арй 
— CO — Кесар pe LE binds а АР а адот ~ Р, ж. B VI eal - a^ ү “е? ” А ча ne perg df ues Fa Kot aat Pao alus t Ja if Marne qo ү Л СЕ ЫЛ pode uiae К ЕШ IP] i-r E раат аура E AE 
ل کے عد‎ OD рф et АЈ e ha — ААЛ > а E v 2 3 EE s "A А E^ — үнү prse de pene Spey im E уйы р Т ш рачни СТА — —— 
O Г оч ар знај ы ч “л — * SUN sa эрт رر‎ s 1 a — cid Я Ч Ре Уу айы) : 1 рафиниран ВО nda rapa OO ie arie piste igit 
со e расо eh tel CG ic Ару PAS ча .й ne ^ n E = 3. — x =» te Be Ses иа офф ——— tn Ge oe — ra spe — т — ی کے بر فا سڈ ہے‎ —— 
O 2 Е = Cv => eS ees 4 LD TOS УГ ЭГ ЭЭ) Р 22, 75 КҮ ГГ Ко Ра Фи“ "ED uo wi é ? ү P e : LT ү, * Es A Ч è та Р а pd ^ * E n re PTET a — Met & чр — рела — — зуйл — — era pelt O ЪЗ 
— = To وي‎ Га. мг нг EL I| WIPE AT [qvo he VT r T g% 4 e РА * A * Е P мрда {7 — * — A om d 5 d оф o ire c — НЫ гч Z — — — — 
D = = e qe. pure dert рр api а- — "s ET Dos Хан ا‎ al PLA of Цэн ) TEN ок. votre 2 = ү т ТА О np * — ГР айл йн ЗУР эн" po ЛАТИН идеи —— — Caer — — 
= = —_ v га ЗАЛ dioi R мы Е ы Ку" жээ ма wf M ч ы auos VS £e ama >» м ра v ; Pus Ч 4 s " , - ^ маг ЯА EL d Wa). Eg gh C z ын s 
Ф — — СО ол ийэ эл рээ рл ү dia "ES. ——— а дни очи у= ист I-A qp 0 јон x. — — moy E — She eg es odo i e — — z ere ае рани — атар деца — 
= — err — " gr — NN ө С пал ече * — W ИЧ АА НА МОТ minae ےا وہ کی‎ А E ‚А РН J m „е д олд ву " P ig dedi ар кулл р Е Ур ад -ны Pe ee i ea ревија, а а ый — 
M سے‎ ee a ҮС РТТ گے ب‎ РТС 70 —— aa к 2 Шы 8: ah " АЈ € ” PEN w^ + + s-a Aft, Jabr "NP PA VA y rena а irn фото qo ы рерни dictat iP B t d n its Tr pm мир Чир ш rim 
<= — — اک ل یک‎ UTE PUBL ML о ДНА د وا‎ 2 и 4% күү Ж ہنی اانه‎ $$) ” g PE ээ Р ур, P реги реч ч" n (ERA a ET TET Meer m a e P pe ipse le Й PP sand OP — — Бри ка — 
=== араб мефт E s T VCI a EL wf. ам ” 9 v ed y 4x fa EE 9 اند‎ ae ANSA Pala era tud PPPA EA T ye e pfe O EEE Н Л „дЫ ta iere d Sr Mot Miedo hil 
— оа ернар бб: T4 анч ое үр рч ай Ч эж FH: 4 arg کو‎ я E e Sidi جي‎ PT то К e pq nhung erm bird di uh aV Feat gen aient hir a ee я Lir dat t —— 
Mode à fe id Mall eb Redhead e ea LE E D وا‎ \ чо леви бира e d А NOE — ~ ЕРТ, и УА холыг” ی‎ Ч —— — т pue БУРЭЭР хаг او‎ Fel GPS detail peg peii, eii РНРА ange 
ЭРЭ Е Е Р ne ЧИ" АА а ЗА ae ue apro o мег ad S P № Tt ا‎ ын mer А Р wat bd e ко + ы A. — — — A) par "puros рени, ФС pé гэр элсэн Ена РИ АТ бйр} сал nF 
е» оаа оо т ч ыы 2 =н ٩ یکو‎ 5 Pp ачен тр YP eee ee eee mene Oo FP ee sey РИ — — ge 
Ma — — НО уд ДА нэн цай оффе r a اہ اھ ر ت‎ LS. کہ چک‎ Ри та н ХЭЭР аад Vg PR LE ER IER EIT ana PAP Midi gist ry арын NUR — ay gg 
vd ulta e m uo, das ida e ah * * ree epa ч (oper detis куч —* —— — — — re pps c Pu tc Peu * ч фр Ле E Ai. уи р I RE чл tuts ruf P УГЫЛ УУ КЫЫ ii вс ое анас ое a 
i 4 a e V —* ^ 4 х... 2 6 мг Уг Чэ. ГА наа. nt РК 2 ». „ on = - » үү" » чі № "ҮҮ, э” ше! ы fois ی‎ L. p- 
фер рено tig pir рвач — — Some eh a U FE rr aa rie оње ОЧИР Ы АТ, x depo de ва tht ња لر‎ — Буй» арч * p asco — : E: E Oa Er ие — — арены — — — 
5, TET uices qid эн ттуагата” "Тэлээ та ee 5 m Pea Sr o Pd r РТР я "^w ы ھے ا ی‎ ЛК Тү” 3 и - v d O pT — „же — а ede peto diis — кў урду УУ у ТЭЭ I aia pae TT Meere Т УУ Л a РУ — - 4 ја 
ААА, anan о оче фер и Z 24 D эг pare —— — cue E hx * — Фи ا‎ ——— —* ро — fuit doc и — 595 нх эс —— а 
c —— геи rea: КАЧУУ фы АСТ АЯ, „= К ese td td dle ы. РЕА v а 0 ш и ar ی ای ۾‎ AA РЕА, ЖР > a pu — Р x m t i FOND "Pr ai didi 9 LT ед Lo * 
Лавот од ЕЛЕНИ ода ди Кучи a АТ сае ДЭЛ Л Энэ АМ КР ОЛ иь лэн ver е ы we Www ми. г. > apo: айм сэг ? a БА а “4 ae мб a v, »r * 1 ч йн * nd — — и рони чо ЛЭ гэг нээ хир ит сэн — — dr eie — —— — — 
BRS — Pe en ЯС је м — = Tetris > паци «эь а. а, ъй у I LN А m dr Колдуу У-Ү Т РРС у x , ч кунен де одо од дрес ee оаа Ar DO A EAA AE nce ORS OD SOOO ин ини AOI 
Saat tee МЭ дьиэ ie Ah fabian Bhd — ی الد ا‎ и: ч “> уча и (34-23) я E i гар رہ ۽‎ ЧУВА И уса Ра уер РИ Or el бар ГР Са ЗА а ЭЭР pique PR he peii itii d e: enn om 
рацио аура ВАЧ ЧЕ А u ase a Т УТ 2 оѓ. сач T ys f e — wh GY oar "Y Ра Р» — орт > EA Aa N A s afn Tei pa s INE I AS p arm A PLT TDN Л eam) sel —— ——— 
А а РАСЕ АБЫ Не 2 wit ач а + * AA E - цэн ё S hn = pret P түзү Өү" rep nyep ДР Вон, ee Pr ҮҮ" "TUI Ml Ран РУТИТЕ ТОА ня PI ден 
РА ^ А A CALL RNA iva T PT EC SE Ta T ү - v? wo д . чус m " Р m PE ӨР нд эмчийг 9-4) О аайы geni Pe гении РРР 12 ин ра diii +e фа ا‎ Л С nane 
r rg > pi rae iiir еле ѓи * Санад м ч эр di ъа * ү ہن‎ КАА جي‎ РЕ "NT т кии үү, ЧЫР © Лә Pe е ҮЧЕ" РЫ РЭГ” ap reda rada ibd Те بے‎ уреата ri doe —— төрөн 
чинэ Ок АСФ етиу тта о фф абе m саллаа. vy i wc maf ul oaa fare Кара a a d'a de (2 учиг рафа цэрэгт оо ХЭ el ee a ч рр Ор ьар раан an p e 
Price ЭРЧ ad А ИИС RO Жон ریا — — اک کے پک‎ "v dcdit dote eem Etre P Vo m. т фер оче Се АА Са de کہ ھتاہ تہ ام ےم چ بنا ای د و‎ e e O e DL o фр — ие 
чение — > > x талд ere цэг адм ый ГА, ње Жэт LP EE — v wwe ту, dor ha УКЕ СУ КР, pug evanida а аай рии 
X readiness rp و‎ undi: лсэн a ж. ла ОКУ - аке Sy ak ath rua agr. и ав руди то лија paid р p — we mEn P td Le — НЭТ Гал ی ر ری یر ای کا وتام ج مارو‎ клды арыр ер ЫЛЕ о — — — — gossip РА ми 
A SINTON Co нд өн ЗА ЦЕ Та За r фа А фа S 0 ed цасан y —— — Prep У руа те И d papa Ae SPO STOTT иль нь nri i aped eiii qai ма, d 
O le dec A A Aim nibhr uoce dr tio d ЧИН Р ЗАН МЭЛ, Ал ДХ өл ан اا‎ 4 A АН КОЗА НА al aad ао м Р 4 А ЧИ: чаи s Puy ape радо Өр УУЛ PI E odi oi eid iste ram ae Учебна то «e я 
а Ror yf yen wal eer go в. НЕ ие = 
3 — = ‚© vira 22-25 нав а лете ци За ures eres wn ws oe б n 7 жи = Б 1 Р Я Fm a P р-р ^ nd E mr ЛДАА ал Го iai il М "1 Ч я У 
Ад 122 PAA —— Га ЛА "ê РА 0 خد کید‎ a e "n -i Бар“ Ч «t К * = 4 p — $e зөрчин ДАР 29 ee at НРА ави пр ии 
а учр хар ч Га наный „ез © E pem Sd o ditor niin ф A - v САД Па T ү ут ь Р * О O O Че учга ER O rir didi e EP 4 M E 
фоје Neq E ны Ead rid. puel rev" MS прибави ч n^ ^c AD t . 4 "dpi ч * ” Лаг ыг аж T PITT 27 a’ vet eap Aaa eu nm ry e Dy d ga LI Ба —— ну "YE de Md — anco amm anm 
ИО — д A dr айлын dis dr NA lr dee м те : t Е у * .. * d 3. RT m 5 ЕБЕ ^ ی‎ я paa түүт, ТТ d Ln pt ma ume dd ыыы pr d ТЕ — м IP IRE Ld Киа — 
lal dal eld PY at 01 | 2С ТА м A ^n E FA * e des гара EL гч - м vr TA مھ‎ E SOAP м 4 Y. 9 т. ы + £ E : № "1 ә фор singe КЕ parva cei! Pa потуче рне Колкаво речи re RD Крв Кр — ВО ена ar —— аЙ 
Е О ir ОА — а — ide — роб 2 ij d abrió bd © Fa ар E јо — — ped < - . — یات ا‎ CB PPI © Хэн oia rir ad cipem dips йг хайн Ке аман — vai pap — pec pap — و‎ 
мөн И CIE deua T eU НЕА НА ЧА АА АЈ ЗЕ +e ёр ‚+. ^ > | Р: — рефер Ч арал др Г em P - é ف ا‎ Fuoco Ek мин E یھ‎ For r T T ын ЛҮН sO eic rd ae th ay ene д o pee fh i A wert — —— — — 
Жакы ы 5 реет * —X E Р 72, - nc aR h " В з 3 kr Ан м —* - 4 b х 5 ра ——— быу —— — — — 
dn ы حن‎ heed ча А Ро UN do ын he oe ui Аа“? TTL TII WS dps кыр ELTE А LEES һр ч 5, - ч "^ TN Z E —— а Бабаи А 9.44 p» avr 1№., پیات‎ Ye a و‎ Un 4492-82-07 ОРГА а аан — 384 ЕЕЕ Е ia ее 
а Ще агора атте bet РРЭНЕТ ENT ка $ — ли рае ое — — чуер dre Е ОЗЕР di ois ——— gE Lappa E pde v i iar de aie teret 
viride eq ici ефта Qd dodge hS OR dra АТК eG ee Oe OV LU "Pam > EAR А Eg eee дрво ои КА ОБЕ т" OE ph ааб бун ЭРХ йн ол арно фора Тэ! EL petiuit tier ta و ی‎ аа OT hlle 
Ре ТЭЭЛ ЭЭГ "T wa dri ЧАН " Ф 0 SUP 3 A хи i" putem реј P ке —— — => а ہہ ا‎ По و ویوا ردا ےپ‎ prr ЕЕ چیھ کو ود و یا ی‎ рија аат — Ч pire үе a fogs gij DR’ û اا ارا را ا ا ا و‎ 
5 у Р Ї а р Я К D - m 2", s F s чийг A ө Y ТЭРЭЭР Таний дэмж дар app å = 
Мен тА аме зает Ачу КР Ue FAAS Ра ЭЭГ ЭХЭ. Крадец DA Ж ыг 4 ep ا‎ i ~ d a ancien wong фо qp giai qao Pi d НА ПОГ. дин, А ро 
по ЖЫН” r r У چ‎ НЧЫ —— d 4. 34.0 5. Lm } — ар» van acre « oy v м NOR OP ire v NON T күзгү тэжээдэг ейн * бл бы — үлүүн үн ая ЕУ Хн лэн پو ی‎ seyar meee wren УРУУ ы курт Абун aaa 
д ^ 4 i v Е сеа АС t Pw e اکھد کہ م‎ ML PETIT " TT + "ч 8 par PF ч + = or Ару اھا‎ А ^ euh: О Ане ЕРИ ККУ УНЕ ЛУ а Н 
— Јо фа i e a r ера цы sar — САНЕ — pee -- ELO rco Mill Pare АО ду А Р а 57 7 А dodo e wb bene Wr st b P ГР e * 4 E re мөн ЭР by 4 c — ди » * в drea ere puo ры ЕО 
— —— Ьа её к чи ELI Аи = НӨ Ол. ТОЧУ РЕР Tr ADR AE Ed" : ФТУ ot — elt i PF Pee eT ry eee ич FTE hiis as Lae — — нев didi de Mr im Вари АК а e —— 
AI im keen iur cr iN rd e acque qur mei ЭН АК par eS کا‎ СУ LI M. und refe orae oa iy Ped edi рф] дра Сл DE PROCU TE BE EM fu — evo f БР — tre pee — веј ааа И 
cardo A 77 ортаа и wr, — — ши aes Aire —— " * * ida к. al — Pn p: Tr ЗАД Pla ы t < РЕЧТА ле ло Lon ч PL TTD M “тага тг х. Р LIRE d ГЕД. TU lad [XT TIT kr un — pape ge tpi Jogo ELI 8-2 rl — at — и — 
пр ндл ын ир Ал өн ЧЕ ЕС УЗ — — у= АА фа ее v m Алл اسنا‎ и Sw wea Ap УА r Бү aL an ad de ttl rade laa AL * —— — ———⏑ — 
О а — — НС фе АРС ^ А —— tri иене р LS DS ED AE e - И донор و ر یری ر‎ рр 
r Ды ефи i ar ag LA Ho ripe Pere n barb — х ОКА Аа МЛ, ал УР wie ere Л г "S s . - € س‎ P рне у Ит OR OE T ا ا‎ ыйда ر د ہے‎ М ЧҮ ТЕТ А А ард وی ا‎ 2 * дереу нн E ar А 
е ыы 5 Ды Б Т а. + РОСА чо VS d эте OC v I PT T ” К T М Ф. » и 4 М وا‎ ^ 3 —* n E adea gae Pregn Aumann ja indiase sante phiwi Dne o E ри aid چا و ی‎ enm 
ооо [e AC Ka uw PW We SUCH FT INTR du Cay Ани“ В v "pe R Ad à Г s xr —— нг nh POF PE: Ч : н и j ла Pea ti. ЧЕ — — 
А ЛЭЭ ети, —X ov aw: 2 ре А. d wa qe Ь SENET PLT OT Ay OI IO TTS I nae. y rti ge E Dg Ep d ие 
A EE ЧА DET EL реали P odes БЕ; Хана Зан нд Хоч р, Эрч ыг P" چا د‎ е * = мл " к —* Р - E 1 "1 pe сор; d bd + арт Фи “ЛЭЛТ ална Өд чйр, — abe БАЙ реа کک ھا ا ا ر د ا‎ —— — буух ای زی ا ی یی ب بی‎ 
S 1 " et E се! 2 puce. Д 4 rd ad. ed А d s Mois A [ Ч еч » 8, = я ә ن‎ O Ld o дан م ا‎ p = re м 
м оне ЕУ ВЕ aA a it tt een ey” pe t dd qr P cipe речна ве: b : SINE ed $i HAH Sele Pe PP аА да рачен Бэ нд л лээ ндл" bieten apa ро — © 
pein nara DR irs pice ipic deleti tee ae Nee A — E 2 4 фа va ad Nib gl ик ila ў- 27 исл О L АГАТ АТ ТА ын СР 2.1. ч. Вила a PIR Pr ei dad rope UELLE аы > pie өч Ah el ORL IT ee i ttt rl 
ГЭРЭЭС 9 - 4 А ен mt ات2‎ Ls eMe Li OW te .. کا ر ر‎ a 9, тоу Де Те; „йү рү ЧЫ КТ, PRI a — o nop PE iid duoi r — Ти дра F > 
ИЯ s р ИИ ET a АА Ј, "ТО Т Oe буа, ا‎ v^ лг ù dep deste v iy^ wt a dni —* пка кана. үү үү ЧҮҮ ТЗ Р ne — ЕИ a ea petit ede sat рг нд бојно ори ваа рии фи titt ——— — 
ИН —— ры ao И Ск Тое фрка Poir de dieti гуе др аи > то со, T аа р р ul AA ر کي‎ не 
НЫ —* pin cae А ааг А — — , 2-4 күн фо а хаар y Зы ФУ 4 hs — * фраз УЧИ О И a a o OE e E OT TO TD se diim EI учрар) —— — — лн fiti dipole ا‎ 0 а Ди 
DT T PRAE ЕТ ^ Mittal фсе раб Таж 216 3-4 TI ЕА 4 .. 5 ғ. Ала d "ач. PPP В ЛАГ л ФС МИРОТ овај И ры БЭЛ на Ал ХХ уул yradr rt à — — ridi Ai OE I Ne УЛ alain cette 
EM прај : ana iya 5057 РОР РО ا ین و وا وا یی ی دی‎ М Ы 2 n — К, керүү et КЫЧ" Т VT 277 ЕРТ fa see yng tif РТС-а РЕ а id аня ори: ميا‎ 
gE ырын. іе ad Sh er раа АРАА ЧВЧЧ ЭЭРМЭЛ ЛЭХ, 2 ew 5 Ка Ам Ч TENT TY —— — EI —— e ИЕ 
joie ا مر ب وا‎ —— — кА а зримо а ane oed d req e MED dia eri bcd de мар КРКА Ves ^. up uice d pd eT ae A: речат, —— dq ә «Жы в мова РУД PR Pe УИ ра Афеулч яг блрчА ат inpet diete 
—— hr ДЕЗ —* И лэн ل‎ B. (ЛД аны MIR LIA LEN етет S E aaa dicio qt Se Е ТО adi ди Сы Рае Рыб И НА “Үс... Р — a T e di eh dedi eni РИТЕР ОА N 
— — ed €T ” — АА ANA Ca EE UT LOL AA ELS OW fry, чае Ке an m uo a; Marte its eec Pe Oe tere ачу oia А рсете OE OM MO LION ЫЫ ЛАНЫ 
deii Phi nig t МЕ очи ЧЕНИ rA v аьа еы RUY Sas ee ye AT ТҮК a. fuv 8 ER LL a E "Je ч жээ "үнү Үү үт чей СЕНА 
py jire hpi Dah САНИ я Ed te و کی‎ е К i ВАРАТ ОС Рел оа a at б, 45, ДЭ d А : wf =e ا ہاور ع ھی ی — — د‎ dida us Крани ун TOD — 
و کی اکا را کج ای‎ А „ечи л оь ——— —— Peak be ee eet E НА Meo EAR ا‎ Фич T ae cio dace» a Pa. iuit is эж ОН ас та элчин рМ —— те | 
чне Аруу ра — — PE 14. A r ЭЕ ы» A wea MU Je Qe urged о Са E t ч b: wo v NUS СЕ eA -- 4 ате ” "uc m ВА. Vc EE i di n 0 И 4 Р ا ایی‎ gu pna" a uen rr nv d n — — е уманы Р ЫЛ „| 
eira АА Jug а «Улан Dn J ры аул ш Ден А ute Аа Tri Ma: a M Лу ба РАНА ed at یی‎ abl de ج ب ہی سھ ھک‎ р Р, ET р ai Лы К ДЕА а РРР а.н тээг 1 Энн цр ТЭЭХ х налан دچ یا اا ا‎ * pp РАДОН НУРЛЫ К — 
ср КК Аиво бо * РЕНА, АА peter tis ais ahd erate bla OE d Nb e oc set e „РТ А" ЖК ibia Зуу def uy wu a " " одл р ATT Oe Te ера} ЕЕ poer ae Tl aia ED ЧЕНА АД ла gh а „арар — 
чорлар А ааъ. P Li d Mp P МИЯ No ve О Рф М 2-1 9-0 99-19 o bas i) V СОНИ I ded Epiri ВМК вло а ва Пат bid дон ОТР АА рии — ی‎ 
Tiere RM ORD A DO SA GR ЕН 
riori ipie rl Arie b oa НА мсж, н ( Чу SN AAAS а r E E ^U —* I bea T a энэ рд ау S РТВ —— — deg ta — —— —* рија — 
ES 2 р s E А 3 * ы é > A- үү d Hh 2 К mon 5 Ч Х родат УЛУ а дај à 
ее ordini Viri үл —— ا و‎ аф АНЬ И у z ЦАГТАА ee re 4.4. ата хәб өл % ^ч” /% Би E 7 е,“ лаб, “од МОСТ боо 3 parare НГ на وک اک‎ ү ЖЫ, ина Р ل ا‎ ^ 5 —— АН itu ir зоо 
іі bi і ад? . xv AVE ЦЭЛ Эн аг ээлж мл ТЕ аА А ы то, TN, Ви член 2 PT 9 17-08 4 2047 4 p ° — pee t САЈТ ب و‎ Loe po d y С реперы Ld ed - yep n gg اک کیت و‎ 
—* СУЛ i OL. c ed "um а ud a AE реу те ET. t» Р: : = Ру — Ау». ә науче ИВ ОТ Же РА ایی‎ TS —— — — — — АТ 
а ДА АНД Ч а НАНТ ЧАД. : К ХЭЭ ЭД, CLE xt ео 5 — — — ——— ити 
SA PIANE EGA PARAE UP AU ENUEN ATS о E g рээ : Jia ap ари e eia 1 ا م‎ ф ~ аа. а af E ? <“. м d кал УРТРАГ, yi Su? aYa pio REO Re PN eT ne E TM Г یا‎ bas ч Чэ ање piede iridis die aciei 
3 М 1 M Ma Qd Ve Rd و‎ Мда. NL: PLEASE КУ РЬ. e. Р $ o vec фа kA ri eT آل د‎ DOCERE ТЕЧЕТ Ка АННЫ —— bes — 
patter till late RE О T AEA A AA i a aa ai АЯ АА Тот. н е З S^ Фе ра oio Arg t —— — Фа оо мр фер а REESE IU a e E eri A pp pA де Денот РАН р 
ар-р ЧЧ Чр Ч ЧЧ S CU LN х Ў ЗАУМИ ть ао мито небо СЕР ОРО Jn ۴ OK 4 = Во Pie Wu e до et t Um Peat ird dee Sed Age ЁС - ip Дара Ка ае пукаа i M IM las San e вад 
—4 P. mf v (pr query m cic on de ы аыр н дечу рр РУ ер мее posu tpe е рр ным ое ет 
Ар 42222100 Крео К хн СЭ Баг Freue dri rn т Е - 
р. - яаж, гьль ММ „а "PL ER PX Lal diei e 2 ج ا کک ا کر ر ی ی ر و‎ 
ET ELL em croi eee PT O e e O a јо ое е 
اا ا س ا ی ا ی دی ا‎ 





